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PREFACE

The O ccu pa tiona l  S a fe ty  and H ea lth  Act o f  1970 emphasized the  need f o r  
s ta n d a rd s  to  p r o t e c t  th e  h e a l th  and s a f e t y  o f w orkers exposed to  an 
e v e r  in c re a s in g  number o f  p o t e n t i a l  h aza rd s  i n  the  w orkp lace . S e c t io n  
2 2 (d ) (2 )  o f th e  Act a u th o r iz e s  the  D i r e c to r  o f  th e  N a t io n a l  I n s t i t u t e  
f o r  O ccu pa tio n a l  S a fe ty  and H ea lth  (NIOSH) to  make recommendations to  
th e  O ccupa tio na l  S a fe ty  and H ea l th  A d m in is t r a t io n  (OSHA) concern ing  
improved o c c u p a t io n a l  s a f e ty  and h e a l th  s t a n d a r d s .  The purpose  o f  
t h i s  document i s  to  p ro v ide  recommendations f o r  p re v e n t in g  i n j u r i e s  
and d i s e a s e  caused  by hazardous energy .
The document was developed  th rough  the  use o f  "system s a n a l y s i s "  so as 
to  p rov ide  a l o g i c a l  means o f perfo rm ing  m ain tenance  and s e r v i c in g  
a c t i v i t i e s  s a f e l y ,  w ith  energy  p r e s e n t ,  w ith  energy  removed, and 
d u r in g  the  p ro ce ss  o f  r e e n e r g iz in g .
We g r a t e f u l l y  acknowledge the  c o n t r i b u t io n s  to  t h i s  document made by 
r e p r e s e n t a t i v e s  o f o th e r  F ed e ra l  age n c ie s  o r  d ep a r tm en ts ,  l a b o r  
u n ions ,  t r a d e  and p r o f e s s io n a l  a s s o c i a t i o n s ,  c o n s u l t a n t s ,  and the  
s t a f f  o f  th e  I n s t i t u t e .
Whatever the  c o n t r i b u t io n s  made by o th e r s ,  c o n c lu s io n s  ex p re ssed  in
t h i s  document a re  tho se  o f  the  I n s t i t u t e ,  and we a re  s o l e ly
re s p o n s ib le  f o r  them. However, a l l  comments made by tho se  o u t s id e
NIOSH, w hether o r  no t i n c o rp o r a te d ,  were c o n s id e red  c a r jê ïu l ly  and were 
sen t  w ith  the  document to  the  O ccu pa tio n a l  Sa^e(ty\ and H ea lth
A d m in is t r a t io n .

.A Dona kid M il l a r ,  M.D.
A s s i s t a n t  Surgeon G eneral 
D i r e c to r ,  N a t io n a l  I n s t i t u t e  f o r  

O ccu pa tio n a l  S a fe ty  and H ea lth



The D i v i s i o n  o f  S a f e t y  R e s e a r c h ,  NIOSH, had p r i m a r y  r e s p o n s i b i l i t y  f o r  d e v e l 
opment o f  the  recommended g u i d e l i n e s  f o r  c o n t r o l l i n g  h a z a r d o u s  e n e r g y  d u r i n g  
m a i n t e n a n c e  and s e r v i c i n g .  Ted A.  P e t t i t  s e r v e d  a s  p r o j e c t  o f f i c e r  and d o c u 
ment ma n ag er .  Bo ei ng  A e r o s p a c e  d e v e l o p e d  the  b a s i c  i n f o r m a t i o n  f o r  c o n s i d e r a 
t i o n  by NIOSH s t a f f  and c o n s u l t a n t s  under c o n t r a c t  No. 2 1 0 - 7 9 - 0 0 2 4 .
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P h . D . ,  R o b e rt  G. McDonald ( D i v i s i o n  o f  S t a n d a r d s  Development  and T e c h n o l o g y  
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ABSTRACT

T h i s  document has  been d e v e l o p e d  t o  p r o v i d e  g u i d e l i n e s  f o r  c o n t r o l l i n g  h a z a r d 
ous e n e r g y  d u r i n g  m a i n t e n a n c e  and s e r v i c i n g  o p e r a t i o n s .  The g u i d e l i n e s  w ere  
d e v e l o p e d  by a s s o c i a t i n g  work p r a c t i c e s  w i t h  a t t e n d a n t  r i s k s .  Methods  o f  
o b t a i n i n g  i n f o r m a t i o n  w h ic h  c o n t r i b u t e d  to  th e  de ve l o p m en t  o f  the  g u i d e l i n e s  
i n c l u d e d  s i t e  v i s i t s  t o  v a r i o u s  i n d u s t r i a l  f a c i l i t i e s ,  the  c o l l e c t i o n  and
a n a l y s i s  o f  d a t a  r e l a t e d  t o  m a i n t e n a n c e  t e c h n i q u e s  and p r o c e s s e s ,  e v a l u a t i o n  
o f  a c c i d e n t  c a s e  s t u d i e s  and i n c i d e n t  r e p o r t  i n f o r m a t i o n ,  e x t e n s i v e  s e a r c h e s  
o f  l i t e r a t u r e ,  and r e v i e w  o f  o t h e r  p e r t i n e n t  d a t a .  The g u i d e l i n e s  em ph as i ze
r e c o g n i t i o n  o f  h a z a r d s  and s a f e  work p r o c e d u r e s .

T h i s  document p r o v i d e s  a l o g i c a l  s y s t e m  f o r  p e r f o r m i n g  m a i n t e n a n c e  and 
s e r v i c i n g  a c t i v i t i e s  s a f e l y ,  and r e c o g n i z e s  t h a t  such a c t i v i t i e s  c a n  be p e r 
formed s a f e l y  w i t h  e n e r g y  p r e s e n t ,  w i t h  e n e r g y  removed,  and w h i l e  r e e n e r 
g i z i n g .  The recommended g u i d e l i n e s  wer e  d e v e l o p e d  th ro u g h  a s y s t e m s  a n a l y s i s  
a p p r o a c h .  The l o g i c  t r e e  ( F i g u r e  I )  p r o v i d e s  a s t e p - b y - s t e p  d i a g r a m  f o r  c o n 
t r o l l i n g  h a z a r d o u s  e n e r g y  t h a t  s h o u l d  be u t i l i z e d  i n  the  f o r m u l a t i o n  o f
s p e c i f i c  m ai n t en an c e  and s e r v i c i n g  p r o c e d u r e s .

v
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I. INTRODUCTION

T h i s  document  i s  p r i m a r i l y  i n t e n d e d  t o  o u t l i n e  m e thods  o f  p r o t e c t i n g  w o r k e r s  
engaged  i n  m a i n t e n a n c e  and s e r v i c i n g  o f  m a c h i n e s ,  p r o c e s s e s ,  o r  s y s t e m s  from 
i n j u r y  by t h e  u n e x p e c t e d  and u n r e s t r i c t e d  r e l e a s e  o f  h a z a r d o u s  e n e r g y .
M a in te n a n c e  a c t i v i t i e s  can  be p e r fo r m e d  w i t h  o r  w i t h o u t  e n e r g y  p r e s e n t .  A
p r o b a b l e ,  u n d e r l y i n g  c a u s e  o f  many a c c i d e n t s  r e s u l t i n g  i n  i n j u r y  d u r i n g  main
t e n a n c e  i s  t h a t  work i s  p e r fo r m e d  w i t h o u t  th e  kno w le d ge  t h a t  t h e  s y s t e m ,
w h e t h e r  e n e r g i z e d  or  n o t ,  can  p r o d u c e  h a z a r d o u s  e n e r g y .  U n e x p e c t e d  and 
u n r e s t r i c t e d  r e l e a s e  o f  h a z a r d o u s  e n e r g y  can  o c c u r  i f :  1 )  a l l  e n e r g y  s o u r c e s
a r e  n ot  i d e n t i f i e d ;  2 )  p r o v i s i o n s  a r e  n o t  made f o r  s a f e  work p r a c t i c e s  w i t h  
e n e r g y  p r e s e n t ;  o r  3 )  d e a c t i v a t e d  e n e r g y  s o u r c e s  a r e  r e a c t i v a t e d ,  m i s t a k e n l y ,  
i n t e n t i o n a l l y ,  o r  a c c i d e n t a l l y ,  w i t h o u t  th e  m a i n t e n a n c e  w o r k e r ' s  k n o w l e d g e .

Pro ble m s i n v o l v i n g  c o n t r o l  o f  h a z a r d o u s  e n e r g y  r e q u i r e  p r o c e d u r a l  s o l u t i o n s .  
The l o g i c  o f  t h e  g u i d e l i n e s  p r o p o s e d  i n  t h i s  document f o r  c o n t r o l l i n g  h a z a r d 
ous e n e r g y  i s  g r a p h i c a l l y  r e p r e s e n t e d  in  F i g u r e  I ,  Di agr am f o r  C o n t r o l l i n g
Hazard ou s  E n e r g y  D u r i n g  M a in t e n a n c e  and S e r v i c i n g .  T h i s  d i a g r a m  s h o u l d  be  
u t i l i z e d  b y  t h o s e  p e r s o n n e l  r e s p o n s i b l e  f o r  th e  d e s i g n  o f  s a f e  w ork  p r o c e d u r e s  
s p e c i f i c  to  i n d i v i d u a l  em p l o ye r  r e q u i r e m e n t s .

E m p l o y e r s  must ad o p t  such p r o c e d u r a l  s o l u t i o n s  f o r  c o n t r o l l i n g  h a z a r d s  to
e n s u r e  w o rk e r  s a f e t y  d u r i n g  m a i n t e n a n c e .  Howe ver ,  s uc h p r o c e d u r e s  a r e  e f f e c 
t i v e  o n l y  i f  s t r i c t l y  e n f o r c e d .  E m p l o y e r s  m u st ,  t h e r e f o r e ,  b e  comm itted t o  
s t r i c t  im p l e m e n t a t i o n  o f  such p r o c e d u r e s .

A. MANAGEMENT COMMITMENT
D u r in g  v i s i t s  t o  s e v e r a l  p l a n t s  c o n d u c t e d  a s  p a r t  o f  t h i s  s t u d y ,  e m p l o y e r s  
s t r e s s e d  t h a t  c o o p e r a t i o n  b et w ee n  management p e r s o n n e l  and e m pl o ye es  i s  e s s e n 
t i a l  to the  i m p l e m e n t a t i o n  o f  s a f e t y  p r o g r a m s ,  i n c l u d i n g  e n e r g y  c o n t r o l  
m e a s u r e s .  Many e m p l o y e r s  b e l i e v e  t h a t  f i r s t  l i n e  s u p e r v i s o r s  and em plo ye es  
c o m p r i s e  weak l i n k s  in  s a f e t y  p r o g r a m s .  P r e s u m a b l y ,  t h e s e  em p l o y e e s  rema in  
u n c o n v i n c e d  t h a t  e m p l o y e r s  r e a l l y  want  t o  implement s t r i c t  s a f e t y  r u l e s .  
Em ployee  p e r c e p t i o n  o f  management a t t i t u d e s  tow ard s a f e t y  p r o c e d u r e s ,  t r a i n 
i n g ,  o r  m o t i v a t i o n  ca m pa ign s  forms a b a s i c ,  though i n t a n g i b l e ,  i n f l u e n c e  upon 
th e  r e l a t i v e  s u c c e s s  o r  f a i l u r e  o f  an y  s a f e t y  p r og r am .  S a f e t y  pr ograms a r e  
more l i k e l y  to  be e f f e c t i v e  i f  management d e m o n s t r a t e s  t o  em p l o y e e s  a f i r m  
commitment to  a c h i e v e  s a f e  w o r k i n g  c o n d i t i o n s .

B. DEFINITIONS
C e r t a i n  t e rm s  u s e d  t h r o u g h o u t  t h e s e  g u i d e l i n e s  may h a v e  d i f f e r e n t  m ean ing  t o  
d i f f e r e n t  p e o p l e  and may be  t o p i c s  o f  d i s a g r e e m e n t .  A t e r m  may be  s e l f -  
e x p l a n a t o r y  f o r  some i n d u s t r i a l  a p p l i c a t i o n s ,  b u t  c o n t r o v e r s i a l  i n  o t h e r  
a p p l i c a t i o n s .  The t e r m s  be low  h ave  t h e  f o l l o w i n g  d e f i n i t i o n s  f o r  t h e  p u r p o s e  
o f  t h i s  documen t .
M a in te n a n c e  and S e r v i c i n g . The t a s k s  n e c e s s a r y  t o  k ee p  a m a c h i n e ,  p r o c e s s ,  or  
s y s t e m  in  a s t a t e  o f  r e p a i r  o r  e f f i c i e n c y .  T h i s  a c t i v i t y  i n c l u d e s  i n s p e c t i o n ,  
s e r v i c i n g ,  r e p a i r ,  t r o u b l e s h o o t i n g ,  s e t u p ,  c l e a r i n g  j a m s ,  and o t h e r  r e l a t e d  
a c t i v i t i e s .  T he s e  a c t i v i t i e s  a r e  n o t  c o n s i d e r e d  to  commence on a new s y s t e m



Figure I. DIAGRAM FOR CONTROLLING HAZARDOUS ENERGY 
DURING MAINTENANCE AND SERVICING
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Decision Criteria

f ^ > >  IMPLEMENTATION OF SA FEG U A RD S TO CONTROL H AZARD S WITH 
EN ERG Y PRESENT MAY BE CHOSEN INSTEAD OF HAZARDOUS 
EN ERGY ELIMINATION B Y  DEVICES OR TECHNIQUES^ WHEN IT 
CAN BE DEMONSTRATED THAT H AZARDS A R E CONTROLLED 
WITH EN ERG Y PRESEN T B Y :

1 .  ID ENTIFYING A L L  HAZARDOUS EN ERG Y SOURCES AND 
HAZARDOUS RESID UAL EN ERG Y, AND

2. DOCUMENTING A  PROCEDURE FOR AND DEMONSTRATING 
THAT THE PROCEDURE WILL CONTROL H AZA RD S RESULTING 
FROM EACH HAZARDOUS EN ERG Y IDENTIFIED.

THE DECISION AT THIS POINT IS PREDETERM INED B Y THE ORIGINAL 
OPTION CHOSEN IN .
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Legend

RECTANGLE SYMBOL -  IDENTIFIES AN EVENT THAT R ESU LTS FROM THE COMBINATION 
OR EXCLUSION OF A C TIVITIES OR EVENTS.

AND GATE -  D ESCRIBES AN OPERATION W HEREBY CO-EXISTENCE OF A L L  INPUTS A R E 
REQUIRED TO PRODUCE AN OUTPUT EVENTS.

OR GATE - D EFINES SITUATION W HEREBY AN OUTPUT EVENT WILL OCCUR IF ONE OF 
THE INPUTS EXIST.

DECISION GATE -  EXCLUSIVE OR GATE WHICH FUNCTIONS A S  AN OR GATE BUT 
PROVIDES A  FOOTNOTED ( t >  ) LIST OF DECISION C RIT ER IA  
ARE NOT SE LF  EVIDENT.

DIAMOND -  DESCRIBES AN EVENT THAT 
IS-CONSIDERED BASIC IN A  
GIVEN LOGIC SEQUENCE. 
EVENT IS NOT DEVELOPED 
FURTHER BECAUSE 
DEVELOPMENT IS OBVIOUS.



u n t i l  i t  becomes o p e r a t i o n a l .  Fo r  s i m p l i f i c a t i o n ,  " m a i n te n a n c e  and s e r v i c i n g "  
a r e  r e f e r r e d  t o  a s  " m a i n t e n a n c e "  t h r o u g h o u t  much o f  t h e  docum en t .
" I n s p e c t i o n "  i s  d e f i n e d  as  c h e c k i n g  o r  t e s t i n g  m a c h i n e r y ,  e q u i p m e n t ,  s y s t e m ,  
e t c . ,  a g a i n s t  e s t a b l i s h e d  s t a n d a r d s .  The d e f i n i t i o n  s u g g e s t s  t h a t  t h e  o b j e c t  
b e i n g  i n s p e c t e d  h a s  a f u n c t i o n  and s h o u l d  comply w i t h  a s t a n d a r d .  From t h i s ,  
i t  i s  deduced  t h a t  (1 )  a s t a n d a r d  must  e x i s t  that :  e s t a b l i s h e s  t h e  good o r  bad 
c h a r a c t e r i s t i c s  o f  t h e  o b j e c t  b e i n g  i n s p e c t e d  and ( 2 )  t h e  o b j e c t  must  be com
p l e t e  so t h a t  i t  can  p e r f o r m  i t s  f u n c t i o n ;  i . e . ,  c o n s t r u c t i o n ,  a s s e m b l y ,  o r  
m a n u f a c t u r e  s h o u l d  be c o m p l e t e  b e f o r e  t h e  o b j e c t  can  be m a i n t a i n e d .  I f  t h e  
o b j e c t  h a s  more t h a n  one f u n c t i o n ,  i t  may be n e c e s s a r y  t o  change  o r  add p a r t s  
t o  t h e  o b j e c t  so  t h a t  i t  may p e r f o r m  t h e  d i f f e r e n t  f u n c t i o n s .  The a c t i v i t y  
r e q u i r e d  t o  make t h e  c hanges  o r  a d d i t i o n s  i s  c o n s i d e r e d  m a i n t e n a n c e .  I n  some 
s e c t o r s  o f  i n d u s t r y  t h e  t e rm  " s e t - u p "  i s  u s e d  t o  d e n o t e  t h e  a c t i v i t i e s  n eeded  
t o  change  t h e  f u n c t i o n s  o f  t h e  e q u i p m e n t .
" S e r v i c e "  i s  d e f i n e d  a s  r e p a i r  o r  m a i n t e n a n c e .  The d e f i n i t i o n  o f  s e r v i c e  i s  
synonymous w i t h  m a i n t e n a n c e ;  h o w e v e r ,  s e r v i c e  (a s  u s e d  i n  t h i s  r e p o r t )  r e f e r s  
t o  t h e  a c t i v i t i e s  n e e d e d  t o  k e e p  a m a c h i n e ,  p r o c e s s ,  o r  s y s t e m  i n  a s t a t e  o f  
e f f i c i e n c y ;  e . g . ,  c h a n g in g  c r a n k  c a s e  o i l ,  g r e a s i n g ,  c l e a n i n g ,  p a i n t i n g ,  
a d j u s t i n g ,  c a l i b r a t i n g ,  e t c .
E n e r g y . Fo r  t h i s  docum en t ,  " e n e r g y "  means m e c h a n i c a l  m o t io n ;  p o t e n t i a l  e n e r g y  
due t o  p r e s s u r e ,  g r a v i t y ,  o r  s p r i n g s ;  e l e c t r i c a l  e n e r g y ;  o r  t h e r m a l  e n e r g y  
r e s u l t i n g  from higfr o r  low t e m p e r a t u r e .
As s u g g e s t e d  by one o f  t h e  a p p r o a c h e s  t a k e n  by i n d u s t r y ,  m a i n t e n a n c e  may be 
p e r f o r m e d  w i t h  power o f f  o r  power o n .  M a in t e n a n c e  a c t i v i t i e s ,  h o w e v e r ,  a r e  
a lw a y s  p e r f o r m e d  w i th  some form o f  e n e r g y  on and some form o f  e n e r g y  o f f .  
Thus,  t h e  c o n c e p t  o f  "power o f f "  o r  "power on"  i m p l i e s  t h a t  power,  t h e  t im e  
r a t e  a t  which work i s  done o r  e n e r g y  e m i t t e d  o r  t r a n s f e r r e d ,  can  be t u r n e d  
o f f .  Th is  c o n c e p t  i s  t o o  r e s t r i c t i v e  b e c a u s e  i t  d o e s  n o t  c o n s i d e r  g r a v i t y  o r  
t e m p e r a t u r e .  The te rm  " e n e r g y , "  a s  opposed  t o  " p o w e r , "  i s  t h e r e f o r e  s u g g e s t e d  
a s  an  a l t e r n a t i v e ,  b e c a u s e  c u r r e n t  c o n s e n s u s  s t a n d a r d s  and o t h e r  l i t e r a t u r e  on 
t h i s  s u b j e c t  u s e  t h i s  t e r m .  The c o n c e p t  o f  e n e r g y  (any  q u a n t i t y  w i t h  
d i m e n s i o n s  mass  t i m e s  l e n g t h  s q u a r e d  d i v i d e d  by t im e  s q u a r e d ) ,  h o w e v e r ,  i s  t o o  
i n c l u s i v e .  The c o n c e p t  o f  e n e r g y ,  f o r  t h e  p u r p o s e  o f  t h i s  docum en t ,  i s  
l i m i t e d  t o :
1. K i n e t i c  e n e r g y  -  e n e r g y  p o s s e s s e d  by a body by v i r t u e  o f  i t s  m o t i o n .
2.  P o t e n t i a l  e n e r g y  -  e n e r g y  p o s s e s s e d  by a body by v i r t u e  o f  i t s  p o s i t i o n  i n

a g r a v i t y  f i e l d .
3 .  E l e c t r i c a l  e n e r g y  -  e n e r g y  a s  a r e s u l t  o f  a g e n e r a t e d  e l e c t r i c a l  power 

s o u r c e  o r  a s t a t i c  s o u r c e .
4 .  Thermal  e n e r g y  -  e n e r g y  as  a  r e s u l t  o f  m e c h a n i c a l  work,  r a d i a t i o n ,  chem i

c a l  r e a c t i o n ,  o r  e l e c t r i c a l  r e s i s t a n c e .
R a d i a t i o n ,  t h e  p r o c e s s  by which e l e c t r o m a g n e t i c  e n e r g y  i s  p r o p a g a t e d ,  i s  n o t  
i n c l u d e d  b e c a u s e  t h i s  t y p e  o f  e n e r g y  a f f e c t s  i n t e r n a l  o r g a n  t o l e r a n c e ,  which 
i s  a h e a l t h  e f f e c t .
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Personnel Hazard. A c ond it io n  which could lead to in ju ry  or dea th . This con
d i t i o n  should be recognized by a person fa m il ia r  with the p a r t i c u la r  circum
stances  and fa c ts  unique to  a p a r t i c u la r  in d u s t ry .  The following concept of 
personnel hazard was used to o b je c t iv e ly  id e n t i fy  hazards to  humans: A per
sonnel hazard e x i s t s  when the environment, c o n d i t io n s ,  n a tu ra l  phenomena, or 
equipment c h a r a c t e r i s t i c s  may r e le a se  le v e ls  o f  energy th a t  exceed human 
to le ra n c e .  This concept encompasses the human physio log ica l to le ran ce  to  
trauma as well as in te rn a l  organ to le rance  to environment.
I so la te d  or Blocked Energy. Energy is  considered is o la te d  or blocked when i t s  
flow would not be r e a c t iv a te d  by a fo reseeab le  unplanned even t. The term 
" i s o la t e "  means to s e t  a p a r t  from o th e r s .  The term "block" (noun) means an 
o b s ta c le  or o b s tru c t io n ;  o r ,  (verb) to make u n su itab le  for passage or progress 
by o b s tru c t io n ,  to  prevent normal func tion ing .
These terms are s im i la r  in  meaning, but they cannot be used synonymously in 
a l l  in s ta n c e s .  Although they may describe  the same func tio n  ( i . e . ,  prevention 
o f  the normal flow of energy), the way in  which the function  is  performed is  
d i f f e r e n t .  For in s ta n c e ,  to  c o n tro l  g ra v i ta t io n a l  energy, the energy should 
be blocked in the sense th a t  an ob s tac le  or o b s tru c t io n  i s  p laced . I t  would 
be in c o r re c t  to  use the term " i s o la t e "  when r e f e r r in g  to the c o n tro l  of g ra v i
t a t i o n a l  energy. E le c t r i c a l  energy should be c o n tro l le d  by i s o la t in g  i t  in  the sense th a t  i t  i s  s e t  a p a r t ,  or d isconnected . I t  would be in c o r re c t  to  use 
the terra "blocked" when r e f e r r in g  to  the c o n tro l  of e l e c t r i c a l  energy.
The terms may be used synonymously in  some cases ,  such as when r e f e r r in g  to  
blocking the passage of f lu id  or i s o la t in g  the p ressure  in a p ipe . Sometimes 
the d if fe re n c e  in  meaning becomes ev ident only by the method used to implement 
the function .
P o in t( s )  of C on tro l. The po in t or po in ts  from which energy-b locking,
- i s o l a t i n g ,  or - d i s s ip a t in g  devices are  c o n t ro l le d .
Securing the P o in t( s )  o f  C o n tro l . The p o in t( s )  of c o n tro l  are secured to  p re 
vent unauthorized persons from re a c t iv a t in g  the flow of energy. Securing is  a 
sep a ra te  and d i s t i n c t  a c t io n  from i s o la t in g  or blocking the energy sources. 
The use o f  locks , t a g s ,  or pos ting  a q u a l i f ie d  person or a combination th e reo f  
a re  methods of accomplishing these  c r i t e r i a .
D iss ipa te  Energy. To cause energy to be spread out or reduced to  le v e ls
to le r a b le  by humans. When the word " d is s ip a te "  i s  applied  to  the word
"energy,"  the term may be in te rp re te d  d i f f e r e n t l y .  The following conceptsshould be used to  determine the d i s s ip a t io n  a c t i v i t i e s :
1. D issipate  Mechanical Motion -  Motion tends to continue because of i n e r t i a  
a f t e r  removal of energy; th e re fo re ,  mechanical motion should be d i s s ip a te d .  
For example, a flywheel should be allowed to  come to  r e s t  before  s t a r t i n g  work.
2. D iss ipa te  P o te n t ia l  Energy -  P o te n t ia l  energy can be m anifested in  the 
form of pressure (above or below a tm ospheric ), sp r in g s ,  and g ra v i ty .  Gravity
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can never  be e l i m i n a t e d  or  d i s s i p a t e d ;  i t  can on ly  be c o n t r o l l e d .  Spr ings  
under t e n s i o n  or  compress ion  can be r e l e a s e d  ( t o  d i s s i p a t e  s t o r e d  energy)  o r  
t he  s t o r e d  energy  can be c o n t r o l l e d .  P r e s s u r e  may be b lo c k e d ,  i s o l a t e d ,  o r  
d i s s i p a t e d .  The term " d i s s i p a t e  p r e s s u r e "  im p l i e s  r e d u c in g  p r e s s u r e  to  a 
l e v e l  t h a t  would n o t  harm humans.  Normal ly ,  t h i s  p r e s s u r e  v a l u e  i s  atmos
p h e r i c  .
3 .  D i s s i p a t e  E l e c t r i c a l  Energy -  D i s s i p a t i o n  o f  e l e c t r i c i t y  may be accom
p l i s h e d  by "g round ing"  the  d e e l e c t r i f i e d  p o r t i o n  o f  the  c i r c u i t  a f t e r  i t  has 
been i s o l a t e d .  Grounding l i v e  c i r c u i t s  may be c a t a s t r o p h i c .  D i s s i p a t i o n  o f  
e l e c t r i c a l  energy  in c lu d e s  the  a c t i o n s  n e c e s s a r y  to  p re v e n t  t he  b u i l d u p  of 
e l e c t r i c a l  p o t e n t i a l  ( s t a t i c  e l e c t r i c i t y ) .
4 .  D i s s i p a t e  Chemicals  -  Chemical r e a c t i o n s  a re  exo therm ic  o r  endo the rm ie .  
Exothermic r e a c t i o n s  r a i s e  t e m p e r a t u r e s ,  which may cause  a v a r i e t y  o f  e f f e c t s  
such as f i r e s ,  e x p l o s i o n s ,  b u r n s ,  e t c .  Endothermie r e a c t i o n s  lower tempera
t u r e s  and cause  the  need fo r  a d d i t i o n a l  h e a t .  Some e lements  m anufac tured  by 
endothermie  r e a c t i o n  a r e  used as e x p l o s i v e s  o r  have e x p lo s i v e  c h a r a c t e r i s t i c s  
because  o f  t h e i r  i n s t a b i l i t y  and r a p id  r e l e a s e  of  ene rgy .  For t he  purpose  of  
t h i s  document,  emphasis  i s  p laced  on the  e f f o r t  n e c e s s a r y  fo r  t h e  p r e v e n t i o n  
o r  c o n t r o l  o f  chemical  r e a c t i o n s .  Thus, t he  term " d i s s i p a t i o n  o f  chem ica ls"  
im p l i e s  those  a c t i o n s  needed to  p r e v e n t  chemica l  r e a c t i o n s  t h a t  would (1 )  
r a i s e  o r  lower t em p e ra tu re s  or  (2 )  cause  e f f e c t s  which humans canno t  t o l e r a t e .
5.  D i s s i p a t e  Thermal Energy -  Human t o l e r a n c e  to t e m p e ra tu r e  i s  ve ry  
l i m i t e d .  Human t i s s u e  i s  harmed when i t  i s  exposed to  t e m p e ra tu r e s  above 45°C 
(113°F) or  below 4°C (3 9 °F ) .  S ince tem pera tu re  cannot  be i s o l a t e d  o r  b lo cked ,  
t he  on ly  way to  c o n t r o l  i t s  e f f e c t s  on humans i s  th rough  d i s s i p a t i o n  or  
employee p r o t e c t i o n .  Mechanical  mot ion ,  e l e c t r i c a l  r e s i s t a n c e ,  chemical  
r e a c t i o n s ,  and r a d i a t i o n  w i l l  r a i s e  the  t em pe ra tu re  o f  m a t e r i a l s  which,  in  
t u r n ,  can burn  or  damage human t i s s u e .  T h e r e f o r e ,  when energy  sou rces  t h a t  
a f f e c t  t em pe ra tu re  a r e  i d e n t i f i e d  in  equ ipment ,  p r o c e s s e s ,  o r  sy s tem s ,
c o n t r o l s  of  the  energy  source  should  be e f f e c t e d  to  a l low  the  t em pe ra tu re  to  
d i s s i p a t e  to  a t o l e r a b l e  l e v e l .
C. WORKING WITH OR WITHOUT ENERGY PRESENT
The b a s i c  d e c i s i o n  t h a t  must be made b e f o r e  maintenance  b e g in s  i s :  Can the
t a s k  be accomplished s a f e l y  w ith  or  w i th o u t  energy  p r e s e n t  o r  i s  i t  n e c e s s a r y  
to  d ee n e rg iz e  b e f o r e  i n i t i a t i n g  maintenance?
Concepts which should  be c o n s id e r ed  in  t h i s  d e c i s i o n  i n c lu d e :  1) Energy i s
always p r e s e n t ;  2) energy  i s  no t  n e c e s s a r i l y  dangerous ;  and 3) danger i s
p r e s e n t  only  when energy  i s  r e l e a s e d  in  q u a n t i t i e s  which exceed human t o l e r 
a n c e s .  F u r t h e r ,  p r i o r  to  the  development o f  s p e c i f i c  energy  c o n t r o l  m easu res ,  
a l l  energy  so u rces  shou ld  be:  1) i d e n t i f i e d ;  2) ana lyzed  in d e p e n d e n t ly ;  and 
3) ana lyzed  in  com binat ion  w i th  any o t h e r  energy sou rces  p r e s e n t .
The fo l low ing  pa rag rap hs  p r e s e n t  c r i t e r i a  which should  be c o n s id e r e d  d u r ing  
a n a l y s i s  o f  s p e c i f i c  energy  s o u r c e s .
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D. ENERGY SOURCES
Mechanical  motion can be l i n e a r  t r a n s l a t i o n  o r  r o t a t i o n ,  o r  i t  can produce 
work which ,  i n  t u r n ,  produces changes in  t e m p e r a tu r e .  This type  of  energy  can 
be tu rn e d  o f f  o r  l e f t  on.
P o t e n t i a l  energy  can be due t o  p r e s s u re  (above or  below a tm o s p h e r i c ) ,  s p r i n g s ,  
o r  g r a v i t y .  Maintenance i s  always conducted  w i th  g r a v i t y  on.  P o t e n t i a l  
energy  m a n i f e s te d  as p r e s s u r e s  or  i n  s p r i n g s  can be d i s s i p a t e d  or  c o n t r o l l e d ;  
i t  cannot  be tu r n e d  o f f  o r  on.
E l e c t r i c a l  energy  r e f e r s  to  g e n e ra te d  e l e c t r i c a l  power or  s t a t i c  e l e c t r i c i t y .  
In the  ca se  o f  g e n e ra t e d  e l e c t r i c i t y ,  the  e l e c t r i c a l  power can be tu rned  on or  
tu r n e d  o f f .  S t a t i c  e l e c t r i c i t y  may no t  be tu rned  o f f ;  i t  can only  be d i s s i 
pa ted  .
Thermal energy i s  m a n i f e s te d  by high  o r  low t e m p e ra tu r e .  This type  o f  energy  
i s  the  r e s u l t  o f  mechan ica l  work, r a d i a t i o n ,  chemical  r e a c t i o n ,  or  e l e c t r i c a l  
r e s i s t a n c e .  I t  cannot  be tu rned  o f f  o r  e l i m i n a t e d ;  however,  i t  can be d i s s i 
pa ted  o r  c o n t r o l l e d .
Chemical r e a c t i o n  i s  m a n i fe s te d  by exotherm ic  o r  endothermic  e f f e c t s .  In 
e i t h e r  c a s e ,  the  e n e r g y - o n / e n e r g y - o f f  approach does no t  a p p ly .  Any m a t e r i a l  
which cou ld  c h e m ica l ly  r e a c t  should  be e l i m i n a t e d ,  d i s s i p a t e d ,  o r  c o n t r o l l e d .  
That  i s ,  some p o s i t i v e  measures  must  be taken  to  (1)  e l i m i n a t e  the  chemical  so 
t h a t  no chemical  r e a c t i o n  can take  p l a c e ,  o r  (2)  c o n t r o l  the  r e a c t i o n  so t h a t  
the  energy  r e l e a s e d  by the  chemical  r e a c t i o n  w i l l  no t  harm humans. Methods o f  
c o n t r o l l i n g  h az a rd s  due t o  chem ica ls  o r  chemical  r e a c t i o n s  as energy  so u rces  
have no t  been add re ssed  i n  t h i s  document because  o f  t h e i r  c o m p le x i t y .
These c r i t e r i a  i n d i c a t e  t h a t  some energy  so u rces  can be tu r n e d  o f f ,  some can 
be d i s s i p a t e d ,  o th e r  so u rces  o f  energy  can be e l i m i n a t e d ,  and some can only  be 
c o n t r o l l e d .  The fo l lo w in g  examples i l l u s t r a t e  how t h i s  concept  i s  a p p l i e d .
Example 1:
The t a s k  i s  the  removal  and rep lacem ent  o f  a s p r i n g  in  a c a r .  P o t e n t i a l  
energy  i s  p r e s e n t  due t o  the  fo rc e  o f  g r a v i t y  and o f  the  t e n s i o n  or  compres
s i o n  o f  the  s p r i n g .  The fo r c e  o f  g r a v i t y  can be c o n t r o l l e d  only  by b lock ing  
the  c a r .  The energy  s t o r e d  in  the  s p r ing  can be d i s s i p a t e d  or  c o n t r o l l e d .  I t
i s  u s u a l l y  c o n t r o l l e d  by b lo ck in g  the  r e l e a s e  o f  t he  s p r i n g .  T h e re fo r e ,  the
d e c i s i o n  l o g i c  i n d i c a t e s  t h a t  main tenance  must be done w i th  energy  p r e s e n t .
Example 2:
A l a r g e  mixing drum with  i n t e r n a l  r o t a t i n g  b lad es  i s  i n  need of r e p a i r .  One 
o f  the  mixing  b l a d e s  i s  out  o f  a l i g n m en t .  The e s t a b l i s h e d  maintenance  p ro 
cedure  r e q u i r e s  t h e  e n t ry  o f  two men to  r e a l i g n  the  b l a d e .  The e l e c t r i c a l
energy  source  can be sw i tched  o f f  and locked out  a n d /o r  the  mechan ica l  l i n k 
ages can be d i s c o n n e c te d .  The lockou t  a t  t he  switch  w i l l  p rov ide  a p h y s i c a l  
b a r r i e r  and a t a g  w i l l  i d e n t i f y  the  t a s k  be ing  per formed .  In a d d i t i o n ,  i f  the  
mechan ica l  l in k a g e s  a re  d i s c o n n e c te d ,  a l l  energy  s o u r c e s ,  excep t  g r a v i t y ,  w i l l  
be removed from the  system.
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I I .  INVESTIGATION OF THE PROBLEM

Much o f  t he  d a t a  examined du r ing  t h i s  s tudy  d id  no t  i n c lu d e  enough s p e c i f i c  
in f o r m a t io n  t o  i d e n t i f y  the  f a c t o r s  c aus ing  or  c o n t r i b u t i n g  to  a c c i d e n t s  which 
occur  dur ing  maintenance  as a r e s u l t  o f  inadequa te  energy  c o n t r o l  measures .
However, an e x t e n s iv e  s e a rc h  o f  world l i t e r a t u r e  r e l a t e d  to  maintenance  h a z 
a rd s  and maintenance  hazard  c o n t r o l s ,  r e v e a l e d  a number o f  a c c i d e n t  s c e n a r i o s  
which cou ld  be e v a lu a t e d  in  the a t t em p t  to  i d e n t i f y  g e n e r i c  causes  o f  
m a i n t e n a n c e - r e l a t e d  a c c i d e n t s .  Acc iden ts  which cou ld  be a t t r i b u t e d  t o  the  
p resence  o f  u n c o n t r o l l e d  energy  d u r ing  maintenance  a c t i v i t i e s  were s e l e c t e d  
f o r  c l o s e r  s t u d y .  Although the  l im i t e d  n a t u r e  o f  the  in f o r m a t io n  p re c lu de d  
e x a c t  cause  d e t e r m i n a t i o n ,  the  s c e n a r i o s  d id  p rov ide  a g e n e r a l  i n d i c a t i o n  o f  
causes  or  c o n t r i b u t i n g  causes  as w e l l  as i l l u s t r a t i o n s  o f  the  types  o f  a c c i 
den ts  t h a t  can occur  when hazardous  l e v e l s  o f  ene rgy  a r e  no t  c o n t r o l l e d .
A. THE ACCIDENT SCENARIOS
Out o f  300 a c c i d e n t  s c e n a r i o s  found in  14 d i f f e r e n t  s o u r c e s ,  59 a c c i d e n t s  were 
s e l e c t e d  t o  i l l u s t r a t e  t h a t  adequa te  energy  c o n t r o l  methods may have p reven ted  
the  a c c i d e n t s .  (A b r i e f  d e s c r i p t i o n  o f  each a c c i d e n t  i s  inc luded  in  Appendix
B.) Causes o f  t he se  a c c i d e n t s  have been c a t e g o r i z e d  as fo l low s :

1. Maintenance a c t i v i t i e s  were i n i t i a t e d  w i tho u t  a t t e m p t in g  to  d ee n e rg iz e  
the  equipment o r  sys tem,  or  c o n t r o l  t he  h az a rd s  w i th  energy  p r e s e n t .
Twenty-seven a c c i d e n t s  f e l l  i n t o  t h i s  c a t e g o r y .  Typica l  o f  t h e s e  
a c c i d e n t s  was a c c i d e n t  No. 10 (Appendix B),  i n  which an e x p e r ien ced  
repa i rm an  saw a p ie c e  o f  w ire  s tuck  in  a f i l t e r  wheel .  He a t t e m p te d  
to  remove the  w i re  w h i le  the wheel was in  m ot ion .  Losing  h i s  b a l a n c e ,  
he f e l l  i n t o  the  wheel .  His l eg  was c rushed  and had t o  be amputa ted .

2. Energy blockage  o r  i s o l a t i o n  was a t t e m p te d ,  b u t  was in a d e q u a t e .
Six i n c i d e n t s  were the  r e s u l t  o f  i n e f f e c t i v e  energy  i s o l a t i o n  or  
b lockage .  An example was a c c i d e n t  No. 30 (Appendix B),  in  which a 
worker a t t em p ted  t o  p reven t  an e l e v a t o r  from moving by jamming the  
doors open w i th  a p lank  whi le  the  e l e v a t o r  was on the  second f l o o r ,  
and then  t u r n in g  o f f  t he  o u t s i d e  panel  switch  on the  main f l o o r .  He 
was k i l l e d  w h i le  working on the  main f l o o r  when the  e l e v a t o r  r e t u r n e d  
t o  i t s  home base  r a t h e r  than  remaining  on the  second f l o o r .

3. Res idual  ( p o t e n t i a l )  ene rgy  was no t  d i s s i p a t e d .
Acciden t  No. 34 (Appendix B) r e s u l t e d  in  i n j u r y  due t o  f a i l u r e  to  
d i s s i p a t e  r e s i d u a l  ene rgy .  The worker  tu rn e d  o f f  t he  power t o  a 
packaging machine and a t t em p ted  to  remove a jam. R es idua l  h y d r a u l i c  
p r e s s u re  a c t i v a t e d  the  h o ld in g  dev ice  c a u s in g  the  i n j u r y .

4.  A cc id e n ta l  a c t i v a t i o n  o f  energy .
Twenty-f ive  o f  the  a c c i d e n t s  were caused by a c c i d e n t a l  a c t i v a t i o n .  
These a c c i d e n t s  were caused by e i t h e r  (1)  per sons  u n i n t e n t i o n a l l y
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a c t u a t i n g  c o n t r o l s ,  o r  (2)  by o th e r  pe r sons  a c t i v a t i n g  the  c o n t r o l s ,  
n o t  r e a l i z i n g  t h a t  maintenance  was in  p r o g r e s s .  The r e s u l t ,  i n  e i t h e r  
c a s e ,  can be d i s a s t r o u s .
An a c c i d e n t  t y p i c a l  o f  t h i s  c a tegory  was a c c i d e n t  No. 36 (Appendix B) 
i n  which a mechanic was r e p a i r i n g  an e l e c t r i c a l l y  o p e ra t ed  c a u s t i c  
pump. A co-worker dragged a c a b le  a c ro s s  the  t o g g le  switch  t h a t  
o p e ra t e d  the  pump, and the  mechanic was sprayed w i th  c a u s t i c .  Another
i n c i d e n t ,  a c c i d e n t  No. 38 (Appendix B), o ccu r red  when an employee was
c u t t i n g  a p ipe  w i th  a t o r c h  and d i e s e l  f u e l  was m i s t a k e n ly  d i s c h a rg e d  
i n t o  the  l i n e .  The ensuing  i g n i t i o n  o f  the  d i e s e l  fu e l  r e s u l t e d  i n  a 
f a t a l i t y .

These types  o f  a c c i d e n t s  a r e  p r e v e n ta b le  i f  e f f e c t i v e  energy  c o n t r o l  t e c h 
n iq u es  or  p rocedures  a r e  a v a i l a b l e ,  workers a re  t r a i n e d  t o  use them, and
management p ro v ides  the  m o t iv a t i o n  to  ensure  t h e i r  u se .  Table  I  summarizes 
the  a c c i d e n t  causes  and i n d i c a t e s  the a p p l i c a b l e  g u i d e l i n e s  from Chapter  I I I  
which,  i f  fo l low ed ,  would have e l im in a t e d  the  hazard  and p rev en ted  the  a c c i 
d e n t .  In Appendix B, an energy c o n t r o l  method t h a t  would have been e f f e c t i v e  
i s  i d e n t i f i e d  fo r  each e n t r y .  The methods shown a re  only  examples .  For many 
c a s e s ,  s e v e r a l  energy c o n t r o l  t e c h n iq u e s  cou ld  have been used to  p reven t  the  
a c c i d e n t .  In a d d i t i o n ,  Appendix B i d e n t i f i e s  t he  haza rd  ty p e s ,  energy  
s o u r c e s ,  and a c c i d e n t  c auses  as w e l l  as consequences o f  each  a c c i d e n t .

TABLE I 
ACCIDENT CAUSE SUMMARY*

NUMBER OF APPLICABLE
ACCIDENT CAUSE ACCIDENTS GUIDELINES

INITIATED ACTIVITY 
WITHOUT ATTEMPTING 
TO CONTROL HAZARDOUS 
ENERGY

27 A . I . ,  A .2 . ,  A.3 . ,  
AND

B . I . ,  B . 2 . ,  B.3.

ENERGY ISOLATION 
WAS ATTEMPTED 
BUT WAS INADEQUATE

6 A. 2. a . and A. 2 . d .

RESIDUAL ENERGY WAS 
NOT DISSIPATED

1 A .2 .b .  and A .2 .d .

ACCIDENTAL ACTIVATION 25 A.2 . a . , A .2 .C . ,
OF ENERGY A. 2 . d . and A.2 . e .

ALL CAUSES 59
* See Appendix B f o r  Accident  D e s c r ip t i o n s



B. STATISTICAL INVESTIGATION
Besides  the  l i t e r a t u r e  s e a r c h ,  a s t a t i s t i c a l  i n v e s t i g a t i o n  was und e r tak en  in  
the  a t t em p t  t o  o b t a in  d a t a  t h a t  would h e lp  to  i d e n t i f y  f a c t o r s  ca us in g  or  
c o n t r i b u t i n g  t o  t he  type  o f  a c c i d e n t  under c o n s i d e r a t i o n .
I t  was planned t h a t  s t a t i s t i c a l  a c c i d e n t  d a t a  would be o b ta in e d  t h a t  r e l a t e d  
t o  inadequa te  energy  c o n t r o l s  du r ing  m a in tenance .  The d a t a  would h e lp  to  
i d e n t i f y  i n e f f e c t i v e  c o n t r o l  methods and p a r t i c u l a r  problems t h a t  should  be 
avo ided .  Manual and automated s e a rc h e s  were conduc ted  to  l o c a t e  the  informa
t i o n .  Most o f  the  d a t a  found,  however,  d id  n o t  i n c lu d e  enough s p e c i f i c  
i n f o r m a t io n  to  i d e n t i f y  the  f a c t o r s  caus ing  or  c o n t r i b u t i n g  to  the  a c c i d e n t s .  
This f i n d in g  c o in c id e s  w i th  the  r e s u l t s  o f  a s tudy  conducted  by the  N a t ion a l  
S a f e ty  Counci l  and r e p o r t e d  on June  30,  1978 to  the  members of  the  N a t ion a l  
Safe ty  Council  P r e s i d e n t ' s  Advisory  Committee and T echn ica l  Work Sess ion  
P a r t i c i p a n t s  o f  the  N a t ion a l  Program to  Improve Occupa t iona l  In ju r y  Informa
t i o n .  The r e p o r t  s t a t e s :

"Problems with  the  t e c h n i c a l  q u a l i t y  o f  c u r r e n t  d a t a . These in c lu d e  the  
l a c k  o f  d e t a i l ,  c o n s i s t e n c y ,  and re l e v a n c e  f o r  the  development o f  c o u n t e r 
measures  in  c u r r e n t  o c c u p a t io n a l  i n j u r y  d a t a .  E x i s t i n g  d a t a  a re  very  
l i m i t e d .
Occupa t iona l  i n j u r y  d a t a  a re  o f t e n  g a th e r e d  p r i m a r i l y  fo r  the  purpose  o f  
p ro c e s s in g  w o r k e r ' s  compensation c la im s  r a t h e r  than  f o r  d eve lop ing  
coun te rm easu res .  Most c u r r e n t  in f o r m a t io n  systems emphasize d a t a  about  
the  i n j u r y ,  no t  the  a c c i d e n t ,  and about t he  end r e s u l t s  o f  the  a c c i d e n t  
sequence ,  r a t h e r  t h a n  the  p r e c i p i t a t i n g  e ven ts  and c o n d i t i o n s  l e a d in g  to  
the  i n j u r i n g  e v e n t .  Data o f  the  l a t t e r  type  a r e  o f t e n  much more im por tan t  
f o r  the  development o f  coun te rm easu res .
Ihe  ANSI Z16.2 American N a t ion a l  S tandard  Method o f  Recording Basic F ac t s  
R e la t in g  to  the  Nature and Occurrence o f  Work I n j u r i e s ,  o r  an a d a p t a t i o n  
o f  t h i s  coding  method,  i s  used a lmos t  e x c l u s i v e l y  among both  the  F ed e ra l  
and S t a t e  Government a gen c ie s  and p r i v a t e  s e c t o r  i n f o r m a t io n  sys tems.  The 
ANSI Z16.2 method i s  ex t rem e ly  l i m i t e d  and i s  des igned  p r i m a r i l y  as a 
m on i to r ing  t o o l  fo r  g rouping a c c i d e n t s  by major types  and fo r  f l a g g i n g  a 
l i m i t e d  number o f  i s o l a t e d  f a c t o r s  about  a c c i d e n t s  so t h a t  the  c a ses  can 
be r e c a l l e d  when d a t a  a n a l y s i s  b e g in s .  The ANSI Z16.2 method i s  no t  
des igned  as an a n a l y t i c a l  t o o l  f o r  i d e n t i f y i n g  the  p a t t e r n s ,  the  p r e c i p i 
t a t i n g  e ven ts  and c o n d i t i o n s  in  an a c c i d e n t  sequence ,  o r  the  r e l a t i o n s h i p s  
among c o n t r i b u t i n g  c a u s a l  f a c t o r s  in  an a c c i d e n t  t h a t  a re  norm al ly  needed 
fo r  counte rmeasure  deve lopment ."

Attempts  to  o b t a in  more s p e c i f i c  d a t a  from such sou rces  as a s s o c i a t i o n s ,  
in su ra n c e  companies ,  l a b o r  u n io n s ,  and i n d u s t r y  proved u n s u c c e s s fu l  because  o f  
one or  more o f  t he  fo l lo w in g  re a so ns :

1. Trade a s s o c i a t i o n s  d id  not  c o l l e c t  t he  d a t a ,  o r  the  d a t a  were not  
c o l l e c t e d  i n  a u s e f u l  format or  f o r  s p e c i f i c  enough i n s t a n c e s .

2. Data from in s u ra n c e  companies,  p r i v a t e  companies,  and unions  a re  
con s ide red  p r o p r i e t a r y  a n d /o r  invo lve  l i a b i l i t y  c o n s i d e r a t i o n s .
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3. Changing format and e d i t i n g  the  d a t a  would be too  t ime consuming or 
c o s t l y  ( th e  d a t a  a re  c o n s id e r ed  p r o p r i e t a r y  w i th o u t  changing format 
and e d i t i n g ,  and in s u ra n c e  companies a re  no t  i n t e r e s t e d  i n  reworking  
the  d a t a ) .
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I I I .  GUIDELINES FOR CONTROLLING HAZARDOUS ENERGY DURING 
MAINTENANCE AND SERVICING

(The fo llo tr in g  g u id e l in e s  f o r  c o n tr o l l in g  h azardou s energy du rin g  m ain te
nance and s e r v ic in g  o f  m ach in ery,  p r o c e s s e s ,  o r  sy s tem s a re  shown g r a p h ic a lly  
in  F igure I .  R eferen ces which su p p o rt th e  u se o f  each s p e c i f i c  g u id e l in e  may 
b e  fou n d , c r o s s -r e fe r e n c e d  t o  th e  t e x t  o f  t h i s  s e c t i o n ,  in  Appendix E .)

In o rd er  to  p r o te c t  th e  worker from e n e r g y -r e la te d  h azard s du rin g  m aintenance  
o r  s e r v ic in g  o f  a m achine,  p ro c e s s  o r  s y s te m , method A o r  B o f  h azard  c o n tr o l  
m ust be chosen .
S ev e ra l  f a c t o r s  must be c o n s id e r e d  in  d e c id i n g  i f  energy  should  be e l i m i n a t e d  
and d e t e rm in in g  what  method o f  haza rd  c o n t r o l  should  be implemented f o r  a 
p a r t i c u l a r  a p p l i c a t i o n .  F a c t o r s  t h a t  shou ld  be c o n s id e r ed  in c lu d e  (1)  t he  
energy  l e v e l ,  (2)  t he  a c ce s s  or  p rox im i ty  t o  the  energy  s o u rce  n e c e s s a r y  to  
accompli sh  the  work, and (3) whether proven methods e x i s t  f o r  per fo rming  the  
t a s k  s a f e l y  w i th  hazardous  energy  p r e s e n t .
A. CONTROLLING HAZARDOUS ENERGY SOURCES

1 . I f  d e e n e rg iz in g  i s  ch osen , a thorough in s p e c t io n  sh ou ld  be perform ed  
t o  i d e n t i f y  a l l  p o t e n t i a l l y  hazardous en ergy s o u r c e s , in c lu d in g  a d ja ce n t  
equipm ent o r  energy so u rce s  th a t  r e p r e s e n t  h aza rd s to  p e r s o n n e l.

2 . When a l l  p o t e n t i a l l y  h azardous so u rces  o f  energy have been i d e n t i f i e d ,  
each so u rce  must b e  c o n tr o l le d  and th e  d e v ic e  c o n tr o l l in g  th e  energy so u rce  
must b e  secu red  and v e r i f i e d .  The fo llo tr in g  a re  s t e p s  to  accom plish  th e  con
t r o l  o f  h azardous en ergy so u rce s :

a .  A l l  en ergy so u rces  i d e n t i f i e d  a s  h azardous s h a l l  be  i s o l a t e d ,  b lo c k e d ,  
o r  d is s ip a te d  a t  p o in ts  o f  c o n tr o l th a t  ca n n o t, w ith  rea so n a b le  
e f f o r t ,  be o ve rr id d e n  o r b y -p a s s e d .  These i s o l a t e d  p o i n t s  o f  con
t r o l  must be s e c u red  i n  acco rdance  w i th  parag raph  A .2 . c .  o f  t he se  
g u i d e l i n e s  to  ensu re  complete b lockage  f o r  the  d u r a t i o n  o f  t he  m a in te 
nance o p e r a t i o n  to  p rec lu de  any p o s s i b i l i t y  o f  r e a c t i v a t i n g  the  flow 
o f  e ne rg y .
Energy i s  c o n s id e re d  a d e q u a te ly  i s o l a t e d ,  b lo c k e d , o r  d i s s ip a te d  
when an unplanned e v e n t would n o t r e a c t i v a t e  th e  f lo w  o f  en e rg y .
Adequate i s o l a t i o n  can be ach ieved  by many methods or  com bina t ions  o f  
methods so long as t he  c o n t r o l s  a r e  not  l i k e l y  t o  be a c c i d e n t a l l y  
t u r n e d  on.  Appendix A i d e n t i f i e s  s e v e r a l  examples o f  methods o f  
e f f e c t i v e l y  i s o l a t i n g  o r  b lo c k in g  ene rgy .

b .  S to re d  o r  r e s id u a l  energy th a t  c o n s t i tu te s  a p erson n el h azard  s h a l l  be  
i s o l a t e d ,  b lo c k e d ,  o r  d i s s ip a te d .
Another n e c e s s a r y  s t e p  i s  t o  b lock  or  d i s s i p a t e  any hazardous  r e s i d u a l  
energy  once the  d e c i s i o n  i s  made to  d e e n e r g i z e .  R es idua l  energy  i s  
n o t  always as obvious a h aza rd  as t he  incoming energy  s u p p l i e s .  For 
t h i s  r e a so n ,  s p e c i a l  e f f o r t  must be made to  i d e n t i f y  any s t o r e d  energy  
t h a t  cou ld  r e s u l t  in  pe r sonne l  h a z a r d s .  For example,  i f  i t  i s
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necessa ry  f o r  a worker to  cl imb or move about  mechan ica l  l i n k a g e s ,  the  
p o t e n t i a l  energy  due t o  the  w o r k e r ' s  weight  may be s u f f i c i e n t  t o  cause  
dangerous movements o f  the  l i n k a g e s .  I f  t h i s  haza rd  i s  p r e s e n t ,  a 
mechan ica l  b lo ck  o r  p in  can u s u a l l y  be used to  b lo ck  out  the  energy  
and p o t e n t i a l l y  dangerous movement.
Forms o f  p o t e n t i a l  energy  which may be s t o r e d  in  s u f f i c i e n t  q u a n t i t i e s  
t o  r e p r e s e n t  h a z a rd s  in c lu d e :

o Hydrau l ic  or  pneumatic p r e s s u r e
o P re s s u r e  below a tm ospher ic  (as i n  vacuum systems)
o Compressed or  ex tended  sp r in g s
o P o t e n t i a l  energy  due t o  g r a v i t y
o S to red  mechan ica l  energy  (as i n  f ly w h e e l s )
o S t a t i c  e l e c t r i c i t y
o S to red  e l e c t r i c a l  energy  (as i n  b a t t e r i e s )
o S to red  e l e c t r i c a l  energy  (as  i n  c a p a c i t o r s )
o Thermal ene rgy  due t o  r e s i d u a l  h e a t  o r  low t em pera tu re
o R es idua l  chem ica ls  i n  p ipe  which may cause  the rm al  o r  p r e s s u r e

b u i l d u p s .
I f  s t o r e d  hazardous  energy  i s  p r e s e n t  in  any form, c a re  must be t aken  
to  ensu re  t h a t  the  r e s i d u a l  energy  i s  reduced t o  a nonhazardous 
l e v e l .  E x t r a  c a r e  must be e x e r c i s e d  t o  avo id  re a c cu m u la t io n  o f  energy
to  hazardous  l e v e l s .  S pe c ia l  measures to  c o n t in u o u s ly  b leed  o f f
energy  should  be used  i f  energy  b u i ld u p  i s  p o s s i b l e .  In a d d i t i o n ,
m o n i to r in g  t o  be s u r e  energy  has  no t  accumula ted  to  dangerous l e v e l s
may be n e c e s s a r y .

c .  The p o i n t ( s ) o f  c o n tr o l  s h a l l  he secu red  so  th a t  u n au th orized  p erso n s  
a re  p re ve n te d  from r e e n e r g iz in g  th e  m achine,  p r o c e s s ,  o r  s y s te m .
A means o f  s e c u r i t y  must be im plem ented to  ensure th a t  th e  equipm ent 
b e in g  m a in ta in ed  o r  s e r v ic e d  i s  n o t somehow r e e n e r g iz e d . The g u id e 
l in e s  a llo tr  a c h o ice  o f  th r e e  m ethods. The s e l e c t i o n  should  be 
based  on the p a r t i c u l a r  c i r cum s tances  and c h a r a c t e r i s t i c s  o f  each 
r e s p e c t i v e  f a c i l i t y  or  a p p l i c a t i o n .  A farm employee working with  
p o t e n t i a l l y  haza rdous  powered equipment in  a remote f i e l d  would no t  be 
expec ted  to  use a padlock fo r  s e c u r i t y .  A padlock (or  e q u i v a l e n t ) ,  
however,  would be a l o g i c a l  s e l e c t i o n  fo r  a sw i tch  or  v a lv e  a c c e s s i b l e  
to  a l a r g e  number o f  p eop le .  The use  o f  t a g s ,  when only  t r a i n e d  p e r 
sonne l  have a c ce s s  to  the p o i n t ( s )  o f  c o n t r o l  i s  an accep ted  i n d u s t r y  
p r a c t i c e .  Any one o f  the  fo l low ing  methods w i l l  p reven t  unwanted 
r e e n e r g i z a t i o n  o f  equ ipment .
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(1 ) secu re  by p h ysice il means ( "Lockout") such th a t  r e e n e r g iz in g  
th e  system  r e q u ir e s  th e  use o f  s p e c ia l  equipm ent r o u t in e ly  a v a i l 
a b le  o n ly  to  th e  person  who a p p lie d  th e  c o n tr o l .  A warning con
ta in in g  a p p ro p r ia te  in fo rm a tio n  s h a l l  be d is p la y e d  a t  th e  p o i n t ( s )  
o f  c o n tr o l .  The method o f  s e c u r in g  the  p o i n t s  o f  c o n t r o l  by
p h y s ica l  means t h a t  p reven t  u n a u th o r i s e d  per sons  from r e e n e r g i z i n g  
th e  machine,  p r o c e s s ,  o r  system i s  w ide ly  u s e d .  The most common 
dev ice  used  f o r  s e c u r i t y  i s  the  pad lock .  Often each worker i s
p rov ided  w i th  h i s  own pad lock  and t h e  on ly  key .
(2 )  P o s t a warning ( "Tagoutm) a t  th e  p o in t ( s )  o f  c o n tro l  
p ro v id in g  in fo rm a tio n  as to  why th e  en ergy so u rces  have been i s o 
l a t e d ,  b lo c k e d , o r  d i s s ip a te d ,  th e  d a te ,  th e  p e r s o n (s )  r e s p o n s ib le  
f o r  th e  c o n tr o l  m easure, and th e  p e r s o n ( s ) r e s p o n s ib le  f o r  th e  
work to  be a cco m p lish ed . in  a d d i t io n ,  a c c e s s  to  th e  c o n tro l  
p o in t  ( s )  o u s t  be  l im i te d  to  p erso n s who a re  tr a in e d  to  u nderstand  
and o b se rve  th e  p o s te d  w arning. Access may be l i m i t e d  by 
ph y s i ca l  l o c a t i o n  (such as e l e v a t i o n )  or  by p ro ce d u ra l  means such 
as co lo r - c o d e d  badges .  When t h i s  method o f  s e c u r i t y  i s  u s e d ,  each
new employee should  r e c e iv e  t r a i n i n g  to  observe  the  g u i d e l i n e s
b e f o r e  hav ing  a cces s  to  t h e  p o i n t ( s )  used fo r  c o n t r o l l i n g  ene rgy .  
The t r a i n i n g  shou ld  in c lu d e  the  purpose  o f  the  w arn ing ,  the  format 
and c o lo r  o f  t he  w arn ing ,  and should  s t r e s s  the  r e s p o n s i b i l i t y  o f  
each person  f o r  h i s  c o -w o rk e rs '  s a f e t y .  R e t r a in in g  should  be 
g iven  as n ece s sa ry  so t h a t  the  impor tance  of  o bse rv ing  the  pos ted  
warning  i s  n o t  f o r g o t t e n .
(3 ) P o st q u a l i f i e d  p e r so n n e l, w ith  th e  s p e c i f i c  r e s p o n s i b i l i t y  
o f  p r o te c t in g  a g a in s t  u n au th orized  a c tu a t io n , a t  th e  p o in t ( s )  o f  
c o n tr o l  throughout th e  m aintenance a c t i v i t y .  This a p p l ie s  m ain ly  
t o  sh o r t  d u ra tio n  work in  th e  im m ediate v i c i n i t y  o f  th e  c o n tro l  
p o i n t ( s ) .

d .  B efore s ta r t in g  m ain tenance, v e r i f y  th a t  s te p s  a .  through c .  have been  
e f f e c t i v e  in  i s o l a t i n g ,  b lo c k in g  o r d i s s ip a t in g  hazardous e n e rg y , and 
secu rin g  th e  p o i n t ( s )  o f  c o n tr o l .
In app ly ing  any method or t ech n iq ue  to  i s o l a t e ,  b lo c k ,  or d i s s i p a t e  
energy  from s p e c i f i e d  a r e a s ,  d e v i c e s ,  machines ,  sys tems,  o r  p r o c e s s e s ,  
i t  shou ld  be v e r i f i e d  t h a t  d e e n e r g i z a t i o n  has  been e f f e c t e d  p r i o r  to  
t he  s t a r t  o f  m a in tenance .  V e r i f i c a t i o n  should  be accomplished each 
t ime energy  i s  e l i m i n a t e d  and r e a p p l i e d ,  r e g a r d l e s s  o f  the  t ime i n t e r 
v a l  between removal  and r e a p p l i c a t i o n .  Proven methods should  be used 
t o  e f f e c t i v e l y  dem ons t ra te  t h a t  a l l  hazardous  energy  has been i s o l a 
t e d ,  b locked ,  or  d i s s i p a t e d  in  t he  a r e a s  where pe r sonne l  w i l l  per form 
the  r e q u i r e d  t a s k s .  I f  t h e r e  i s  the  p o s s i b i l i t y  o f  r e a ccu m u la t ion  of  
energy t o  hazardous  l e v e l s ,  v e r i f i c a t i o n  should be con t inued  u n t i l  the  
maintenance  a c t i v i t y  i s  completed .
I f  sens ing  d ev ice s  a re  used fo r  v e r i f i c a t i o n ,  t h e s e  dev ice s  s h a l l  be 
used acco rd in g  to  e s t a b l i s h e d  p rocedures  t h a t  have been de termined  to  
s a f e l y  and c o n s i s t e n t l y  i n d i c a t e  the  p re sence  o f  ene rgy .  These 
s e n s in g  d ev ice s  should  be primary;  i . e . ,  they should  not  depend upon 
secondary or  d e r iv e d  i n d i c a t i o n s  which cou ld  induce  g r e a t e r  p r o b a b i l i t y
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o f  e r r o r .  The d ev ice s  should  be r e g u l a r l y  and f r e q u e n t l y  i n s p e c te d  
a n d / o r  c a l i b r a t e d  to  ensure  t h a t  they  a re  f u n c t i o n a l  and a c c u r a t e  and 
t o  d e t e c t  any p o t e n t i a l  dev ice  f a i l u r e s .
Good i n t e n t i o n s  t o  e l i m i n a t e  energy have f a i l e d  and i n j u r i e s  have 
r e s u l t e d  when the  wrong sources  of  energy  were c o n t r o l l e d .  To avo id  
t h i s  p o s s i b i l i t y ,  the  energy  should  be v e r i f i e d  to  be below hazardous  
l e v e l s  b e f o r e  p ro ce e d in g .

e .  V e r ify  that, a l l  person n e l a re  c le a r  o f  th e  p o in t ( s )  o f  danger b e fo re  
re e n e r g iz in g  th e  m achine, p r o c e s s ,  o r  sy s te m .
This a c t i o n  i s  so obvious t h a t  many r e f e r e n c e s  f a i l  to  i d e n t i f y  i t ;  
y e t  i t  i s  v i t a l l y  im p or tan t  t h a t  i t  be inc lud e d  in  each p rocedure .

3 . For th e  f i v e  s t e p s  l i s t e d  above to  com prise  a v a l id  tech n iq u e  f o r  
c o n tr o l l in g  h azardou s en ergy s o u r c e s , th e  fo l lo w in g  two p r e c o n d itio n s  must 
b e  m et:
a .  The p ro ced u res to  be  used to  accom plish  th e  above s t e p s  s h a l l  be  

docum ented.
P roced ures  f o r  energy  c o n t r o l  a p p l i c a t i o n s  should  be documented t o  the  
d e t a i l  r e q u i r e d  t o  p rovide  a c l e a r  u n d e r s t a n d in g  o f  the  d e v ic e s  and 
methods o f  a p p l i c a t i o n  and removal ,  so t h a t  t he  c o n t r o l s  a r e  un i fo rm ly  
and s a f e l y  a p p l i e d  and removed each t im e .  The procedures  should  
c l e a r l y  a s s i g n  r e s p o n s i b i l i t y  fo r  each s t e p  o f  t he  c r i t e r i a  as w e l l  as 
i n d i c a t e  where i s o l a t i o n ,  b lo c k in g ,  o r  d i s s i p a t i o n  o f  energy  i s  t o  be 
accompl i shed ,  how d e e n e r g i z a t i o n  i s  t o  be v e r i f i e d ,  what method i s  to  
be used f o r  s e c u r i t y ,  and how r e s p o n s i b i l i t y  i s  t o  be t r a n s f e r r e d  
d u r ing  s h i f t  changes.  The p rocedures  need no t  be unique  fo r  a s i n g l e  
machine or  t a s k ;  p rocedures  may be used which app ly  to  a group o f  
s i m i l a r  machines o r  t a s k s .  Depending upon the  com plexi ty  o f  the  
equipment and i t s  a p p l i c a t i o n ,  good p rocedures  may v a r y  from one to  
many pages.  No m a t t e r  how simple and s t r a i g h t f o r w a r d  the  p rocedures  
may seem, they shou ld  be documented so t h a t  a l l  l e v e l s  o f  p e r so nn e l  
und e rs t a n d  company p o l i c y ,  as w e l l  as  t he  r e q u i r e d  s a f e t y  p ro ce d u r e s .

b .  The person n e l who im plem ent th e  above s te p s  s h a l l  be  q u a l i f i e d .  Each 
w orker m ust th orou gh ly  understand a l l  documented p ro c e d u re s . T ra in in g  
s h a l l  be  accom plish ed  a s  n e c e s s a r y  to  e s ta b l i s h  and m ain ta in  p r o f i 
c ie n c y ,  and to  encompass p ro ced u ra l o r  equipm ent changes which a f f e c t  
en ergy c o n tr o l  d u rin g  m aintenance.
A f t e r  the  energy  c o n t r o l  need has  been i d e n t i f i e d ,  the  methods o f  
implementa t ion  s e l e c t e d ,  and the p rocedures  f i n a l i z e d ,  a t r a i n i n g  
program should  be i n s t i t u t e d  t o  ensure  t h a t  the  p rocedures  a r e  
fo l lowed and the  purpose  and fu n c t i o n s  a r e  u n d e r s to o d .  The t r a i n i n g  
should  inv o lv e  e lem en ts  o f  management and the  workforce  concerned  w i th  
maintenance  a c t i v i t i e s  so t h a t  the  c r i t e r i a  a re  e x p e d i t i o u s l y  and u n i 
formly a p p l i e d .  The t r a i n i n g  should  ensure  t h a t  the  u n d e r s t a n d in g  and 
s k i l l s  r e q u i r e d  f o r  the  s a f e  a p p l i c a t i o n  and removal  o f  energy  con
t r o l s  a re  a v a i l a b l e  as r e q u i r e d .  R e t r a in in g  should  be scheduled  as
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o f t e n  as n e c e s s a r y  to  m a in t a in  p r o f i c i e n c y  and t o  i n t r o d u c e  r e v i s e d  
d e v i c e s ,  p r a c t i c e s ,  and methods.
I f  energy  i s o l a t i o n ,  b lo c k in g ,  or  d i s s i p a t i o n  a r e  secu red  a c co rd in g  t o  
c r i t e r i o n  2 . c . ( 2 ) ,  then  every  person  hav ing  job  r e l a t e d  a cces s  t o  the  
p o i n t ( s )  o f  c o n t r o l  shou ld  be t r a i n e d .  This t r a i n i n g  i s  i n  a d d i t i o n  
t o  t h a t  r e q u i r e d  fo r  p e r so nn e l  invo lved  in  app ly in g  energy  c o n t r o l s .  
The t r a i n i n g  shou ld  in c lu d e  the  purpose  o f  the  w arn ing ,  the  format and 
c o l o r  o f  t he  w arn ing ,  and should  emphasize the  ext reme impor tance  fo r  
a l l  p e r so nn e l  t o  obey the  warnings in  o r d e r  to  p r o t e c t  t h e i r  co
workers .  The p e r so n n e l  who implement the  p rocedures  should  be t r a i n e d  
n o t  only  to  know how to  accompli sh  the  s t e p s  r e q u i r e d  to  c o n t r o l  
energy  s o u r c e s ,  b u t  a l s o  to  u nd e rs tand  the  h az a rd s  a s s o c i a t e d  wi th  
energy  s o u r c e s .  All  l e v e l s  o f  s u p e r v i s i o n  concerned  w i th  maintenance  
and s e r v i c i n g ,  w i th  s p e c i a l  emphasis on f i r s t - l i n e  s u p e r v i s i o n ,  must  
be t r a i n e d  i n  o r d e r  t o  ensu re  t h a t  p rocedures  a r e  fo l low ed .

B. CONTROLLING HAZARDS WITH ENERGY PRESENT
C o n tro ll in g  m aintenance h aza rd s w ith  energy p r e s e n t i s  th e  o n ly  a l t e r n a t iv e  t o  
d e e n e rg iz in g  to  perform  m aintenance ta s k s  s a f e l y .  For some ty p e s  o f  m achines 
o r  p r o c e s s e s , th e  c o n d it io n s  o r  com bination  o f  c o n d it io n s  th a t  must be  e v a lu 
a te d  and c o n tr o l le d  in  e n e rg iz e d  sy s tem s can be much more com plex than d een er
g iz e d  s y s te m s . The fo l lo w in g  paragraphs d e s c r ib e  g u id e l in e s  f o r  m a in ta in in g  
"energized"  sy s te m s .

1 .  Hazardous en ergy so u r c e s ,  in c lu d in g  r e s id u a l  energy so u r c e s ,  s h a l l  be  
i d e n t i f i e d .
I d e n t i f i c a t i o n  o f  t he  haza rd s  needs no j u s t i f i c a t i o n ,  f o r  a hazard  
cannot  be c o n t r o l l e d  u n l e s s  i t  i s  i d e n t i f i e d .

2 . Documented p ro c e d u re s ,  which have been determ in ed  to  c o n tr o l  each  
h azardous en ergy s o u r c e , s h a l l  be  u sed . P rocedu res s h a l l  a ss ig n  
r e s p o n s i b i l i t y  and a c c o u n ta b i l i ty  fo r  c o n tr o l l in g  p erso n n e l h a za rd s .
Before a worker i s  exposed to  a h a z a r d ,  the  h aza rd  c o n t r o l s  must  be 
known to  be e f f e c t i v e .  D e te rm ina t ion  o f  hazard  c o n t r o l  e f f e c t i v e n e s s  
can be based  on p h y s i c a l  d em o n s t r a t io n  p r i o r  t o  im p lem en ta t ion  on a 
d a y - to -d a y  b a s i s .  This can be by s i m i l a r i t y  t o  a dem ons t rab ly  
e f f e c t i v e  h aza rd  c o n t r o l ,  o r  by a n a l y s i s .

3 . P ersonn el who perform  th e  m aintenance s h a l l  be q u a l i f i e d  to  use th e  
p ro c e d u re s . Q u a lif ic a t io n  to  use th e  p ro ced u res may be  o b ta in ed  by  
ed u c a tio n , e x p e r ien c e  an d /o r t r a in in g .  The p e r so nn e l  who per form 
the  main tenance  and s e r v i c i n g  a c t i v i t i e s  must  be t r a i n e d  t o  u nd e rs t a n d  
the  p a r t i c u l a r  h a z a rd s ,  t he  c o n t r o l s  fo r  the  h a z a r d s ,  and how to  
implement the  c o n t r o l s  e f f e c t i v e l y .
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IV . CONCLUSIONS

This s tudy  confirms t h a t  the  need to c o n t r o l  haza rdous  energy d u r in g  m a in t e 
nance a c t i v i t i e s  i s  recog n ized  by i n d u s t r y ,  l a b o r ,  and the  Government.  This
need i s  m a n i f e s te d  by the d i f f e r e n t  approaches implemented by i n d u s t r y  to  
reduce  i n j u r i e s ,  the  ev idence  subm it ted  to  the  Occupa t iona l  S a fe ty  and Heal th  
A d m in i s t r a t i o n  a t  p u b l i c  h e a r i n g s  on the  s u b j e c t  o f  l ockou ts  and t a g o u t s ,  and 
r e s u l t s  o f  the  l i t e r a t u r e  sea rch  in  which a g r e a t  number o f  a r t i c l e s  were
found which emphasize the  need f o r  some type  o f  c o n t r o l .
The l i t e r a t u r e  rev iew d id  no t  produce s t a t i s t i c a l  ev idence  of  t he  e f f e c t i v e 
n es s  o f  any one s p e c i f i c  type  o f  energy  c o n t r o l  method over a n o t h e r ,  nor d id  
i t  i d e n t i f y  a c c i d e n t  c a u s a t i v e  f a c t o r s  l ead in g  to  i n j u r i e s .  No v a lu es  could 
be developed  which d i f f e r e n t i a t e  a c c i d e n t s  and i n j u r i e s  o c c u r r i n g  d u r in g  main
tenance  from agg re g a te  U.S.  i n ju ry  s t a t i s t i c s ;  i . e . ,  d a t a  to  p rov ide  i n d i c e s  
on the p r o b a b i l i t y  o f  i n j u r y  o cc u r r e n c e ,  the  magnitude  o f  the  i n j u r i e s ,  and 
the  exposure  t o  t he  hazard  (p o p u la t i o n  o f  workers  a t  r i s k )  t h a t  c o r r e l a t e  with  
the  i d e n t i f i e d  pr imary h aza rd  c a u s e s .
I n d u s t r i a l  a c c id e n t  and i n j u r y  d a t a  a v a i l a b l e  in  t he  U.S. d e s c r i b e  the  i n j u 
r i e s  s u s t a i n e d  by the workers  i n  g r e a t e r  d e t a i l  than  the  causes  o f  the  a c c i 
d e n t s  t h a t  i n f l i c t e d  the  i n j u r i e s .  The hazard  causes  found in  the  ana lyzed  
a c c i d e n t  r e p o r t s  a re  c a t e g o r i z e d  by f i r e ,  e x p lo s io n ,  im pac t ,  f a l l ,  caught  in  
o r  between,  and o t h e r s .  The hazard  causes  i d e n t i f i e d  by t h i s  s tudy  a re  d i f 
f e r e n t .  Consequently ,  the  p u b l i s h e d  s t a t i s t i c s  ( a g g reg a te s  o f  a c c i d e n t / i n j u r y  
r e p o r t s )  cannot be broken down i n t o  a c c i d e n t  causes  i d e n t i f i e d  as s p e c i f i c  to  
maintenance  and s e r v i c i n g  a c t i v i t i e s .
The s tudy  i d e n t i f i e d  t h e  fo l lo w in g  hazard  causes :

1. Maintenance a c t i v i t i e s  were i n i t i a t e d  w i thou t  a t t e m p t i n g  to  d e e n e rg i z e  
the  equipment o r  system or c o n t r o l  t he  hazard  with  energy  p r e s e n t .

2. Energy b lockage  o r  i s o l a t i o n  was a t t e m p te d ,  b u t  was in a d e q u a t e .
3. R es idua l  energy  was no t  d i s s i p a t e d .
4 .  Energy was a c c i d e n t a l l y  a c t i v a t e d .

The worker p o p u la t io n  a t  r i s k  cou ld  not  be d e f in e d  because  employers who 
implement p rocedura l  c o n t r o l s  may choose t o  make the  procedures  a p p l i c a b l e  to
(1) a l l  p e r so nn e l ;  (2)  p e r so nn e l  engaged in  any one or  any combinat ion  o f  
a c t i v i t i e s  such as c o n s t r u c t i o n ,  o p e r a t i o n s ,  m a n u fa c tu r in g ,  t e s t i n g ,  e t c . ;  or  
(3) maintenance  pe rsonne l  on ly .  Thus, the  e f f e c t i v e n e s s  o f  any one method of 
c o n t r o l  w i th  r e s p e c t  t o  a n o th e r  cannot  be d e te rm in ed .  However, the  implemen
t a t i o n  o f  any method which i n c r e a s e s  worker awareness o f  p o t e n t i a l l y  hazardous  
energy  sou rces  i s  b e t t e r  than  no method a t  a l l .
E x i s t i n g  F ed e ra l  and S ta t e  Government s a f e t y  r e g u l a t i o n s  ( C a l i f o r n i a  and 
Michigan excep ted )  o f  energy  c o n t r o l  d u r in g  maintenance  a re  i n c o n s i s t e n t ,  
fragmented ,  and only  a p p l i c a b l e  to  c e r t a i n  equipment,  p r o c e s s e s ,  and ind u s 
t r i e s  ( e . g . ,  te lecom munica t ion  and c o n s t r u c t i o n ) .  Most o f  t h e se  e x i s t i n g  
r e g u l a t i o n s  use the  concept  o f  "power o f f "  to  p reven t  i n j u r i e s ,  and do not
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p ro v id e  guidance  on how t o  d i s c e r n  when to  app ly  lo c k s ,  t a g s ,  o r  a com binat ion  
o f  locks  and t a g s .  They a l s o  do n o t  a l l o w  fo r  the  per fo rmance  o f  main tenance  
w ith  power on, even under normal,  eve ryday  c o n d i t i o n s ,  o r  when such m a in te 
nance canno t  be performed w i th  power o f f .
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V. RESEARCH NEEDS

A. STUDY CONTINUATION
The r e s u l t  o f  t h i s  s t u d y ,  "G u id e l ine s  fo r  C o n t r o l l i n g  Hazardous Energy During 
Maintenance and S e r v i c i n g , "  i s  a c o n s o l i d a t i o n  o f  d i f f e r e n t  approaches  a l r e a d y  
i n  u s e .  These g u i d e l i n e s  i n c r e a s e  the  l a t i t u d e  o f  implementa t ion  methods 
a v a i l a b l e .  The g r e a t e r  l a t i t u d e ,  in  t u r n ,  may c r e a t e  problems which have no t  
been  a n t i c i p a t e d .  I t  i s  t h e r e f o r e  recommended t h a t  s t u d i e s  be conduc ted  to :

1. Develop u n i v e r s a l  p rocedures  f o r  the  recommended g u i d e l i n e s
2. I d e n t i f y  problems c r e a t e d  by t h e  g u i d e l i n e s ,  i f  any
3. I d e n t i f y  e f f e c t i v e n e s s  o f  d i f f e r e n t  h aza rd  c o n t r o l  methods i n  p r e v e n t 

ing  i n j u r i e s
4 .  I d e n t i f y  c o s t s  o f  implementing the  g u i d e l i n e s .

B. GUIDELINES FOR OTHER MAINTENANCE HAZARDS
This  t e c h n i c a l  r e p o r t  a d d re s s e s  one o f  s e v e r a l  maintenance  a c t i v i t i e s  which 
r e q u i r e  d e c i s i o n  c r i t e r i a .  These a c t i v i t i e s  a r e :  s e l e c t i o n  and use  o f  t o o l s ;
s e l e c t i o n  and use  o f  a n c i l l a r y  equipment;  s e l e c t i o n  o f  a c ce s s  r o u t e s  to  and 
from the maintenance  a r e a ;  e v a l u a t i o n  o f  the  main tenance  env i ronment ;  s e l e c 
t i o n  o f  s k i l l e d  p e r so n n e l ;  and i d e n t i f i c a t i o n  and v e r i f i c a t i o n  o f  energy  
s o u r c e s .  The g u i d e l i n e s  h e r e i n  sugges t  a c t i o n s  t h a t  shou ld  be t ak e n  a f t e r  the  
energy  sou rces  have been i d e n t i f i e d .  G u id e l in e s  which add re s s  the  s e l e c t i o n  
and use  o f  t o o l s ,  as w e l l  as  the  s e l e c t i o n  o f  p e r s o n n e l ,  should  be deve loped .  
F u r t h e r ,  g u i d e l i n e s  a d d r e s s in g  s e l e c t i o n  o f  a cces s  methods to  and from the  
m ain tenance  a r e a ,  and e v a l u a t i o n  o f  maintenance  env i ronments  should  be d e v e l 
oped .
M a te r i a l s  hav ing  t o x i c ,  c a u s t i c ,  o r  a sp h y x ia n t  p r o p e r t i e s  can p r e s e n t  s e r i o u s  
h az a rd s  to  maintenance  p e r s o n n e l .  S u i t a b l e  c o n t r o l  measures  fo r  m a t e r i a l s  
hav ing  t h e s e  dangerous p r o p e r t i e s  do n o t  n e c e s s a r i l y  match the  c r i t e r i a  f o r  
c o n t r o l  o f  hazardous  energy  recommended w i t h i n  t h i s  document.  In f a c t ,  p e r 
sonne l  can be harmed by t o x i c ,  c a u s t i c ,  o r  a sp h y x ia n t  m a t e r i a l s  with  no con
c u r r e n t  r e l e a s e  of  en e rg y .  I t  i s  t h e r e f o r e  recommended t h a t  c r i t e r i a  be 
developed  s p e c i f i c a l l y  t o  p r o t e c t  maintenance  pe rsonne l  from such hazardous  
m a t e r i a l s .

W h ile  d e v e lo p in g  t h e  g u i d e l i n e s ,  a r e a s  w e re  i d e n t i f i e d  i n  w h ic h  a d d i t i o n a l
r e s e a r c h  w o u ld  p ro v e  v a l u a b l e .
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C. POTENTIAL HAZARDS IN NEW TECHNOLOGICAL APPLICATIONS
C u r r e n t l y ,  U.S.  i n d u s t r i e s  u t i l i z e  many o ld  machines and p r o c e s s e s .  To com
p e t e  more e f f e c t i v e l y  i n  the  world m a r k e tp l a c e ,  U.S.  i n d u s t r y  w i l l  have t o  
r e p l a c e  ag ing  machines and p ro ce s se s  w ith  new, more e f f i c i e n t  equipment 
i n c l u d i n g  r o b o t i c  and f u l l y  au tom a t ic  m achines .  In some c a s e s ,  the  i n f l u x  o f  
new machines and techno logy  i n t o  U.S.  i n d u s t r y  may mean g r e a t e r  s a f e t y  f o r  the  
worker;  i n  o t h e r  c a s e s ,  i t  may pose new or unknown h a z a r d s .  A r e s e a r c h  e f f o r t  
i s  needed t o  a s s e s s  t he  s a f e t y  o f  t h e s e  new t e c h n o l o g i e s  and m a t e r i a l s .
Some examples o f  r e c e n t  advances in  m anu fac tu r in g  t ec h n iq u e s  and m a t e r i a l s  
t h a t  could pose unique  h az a rd s  t o  workers  i n c lu d e :  num er ica l  c o n t r o l ;  r o b o t i c
machines ;  l a s e r  a p p l i c a t i o n s ;  new m a t e r i a l s  f o r  t o o l s ,  w orkp iece s ,  f i n i s h e s ,  
l u b r i c a n t s ,  molds,  bond ing ,  and weld ing;  u l t r a s o n i c  a p p l i c a t i o n s ;  and ex p lo 
s i v e  fo rming.  The r e s e a r c h  e f f o r t  should  focus  on i d e n t i f y i n g  p o t e n t i a l  h az 
a r d s  and de te rm in in g  c o r r e c t i v e  a c t i o n  which e i t h e r  reduces  hazardous  energy  
l e v e l s  o r  changes the  w o r k e r ’s p rox im i ty  t o  haza rdous  ene rgy .
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APPENDIX A
EXAMPLES OF ALTERNATE METHODS OF ISOLATING OR BLOCKING ENERGY 

AND SECURING THE POINT(S) OF CONTROL

ENERGY TYPE METHOD OF ISOLATING 
OR BLOCKING ENERGY

METHOD OF SECURING 
THE POINT OF CONTROL

REMARKS

Mechanical  Motion 
R o ta t ion  
T r a n s l a t i o n  
L inear  
O s c i l l a t i o n

1. Remove segments 
o f  o p e r a t i n g  
mechan ica l  l in k a g e s  
such as d i s m a n t l in g  
push ro d s ,  removing 
b e l t s ,  and removing 
f ly w h ee l s .

2. Use b lo c k in g  
d e v ic e s  such as 
wood o r  m eta l  
b lo c k s .

(1)  Tag t h e  l in k ag e s  
and p l a c e  them in  
a locked  c a b i n e t  
away from the  
machine.

o r
(2) Attach  warning  t ag s  

where the  l i n k a g e s  
were removed and 
r e s t r i c t  a c ce s s  t o  
t r a i n e d  p e r s o n n e l .

o r
(3)  Pos t  a pe r son  t o  

p r o t e c t  a g a i n s t  
u n a u th o r i z e d  
r e i n s t a l l a t i o n  o f  
the  l i n k a g e s .

(1)  Chain and lock  
in  p o i n t  o f  
c o n t r o l  o r  use  
m e ta l  p in s  
d r i v e n  o r  welded 
i n  p l a c e .

o r
(2) A t tach  warning  

t a g s  on the  
b lo c k in g  d e v ic e s  
and r e s t r i c t  
a c c e s s  i n t o  t h e  
a r e a  t o  t r a i n e d  
p e r s o n n e l .

or
(3)  Pos t  a pe r so n  t o  

p r o t e c t  a g a i n s t  
u n a u th o r i z e d  
removal  o f  t he  
b lo c k in g  d e v i c e s .
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ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

Mechanical  Motion 
(con t inued)

3. Remove power or  
energy  from the 
d r i v i n g  mechanism, 
such a s :
a .  Disconnect  main 

e l e c t r i c a l  
s o u r c e .

( l ) a .  Padlock in  the  
" o f f "  p o s i t i o n .

b. Disconnect  
pneumatic and 
h y d r a u l i c  l i n e s  
and t a g .  

or
b .  Close h y d ra u l i c  

o r  pneumatic 
v a l v e s ,  b l e e d .

(2)  A t tach  warning  
t ag s  a t  c o n t r o l  
p o i n t s  and 
r e s t r i c t  access  
t o  t r a i n e d  
p e r s o n n e l . 

or

E l e c t r i c a l 1. P lace  the  main 
e l e c t r i c a l  d i s 
connec t  sw i tch  in  
t he  " o f f "  p o s i t i o n .

(3)  Pos t  a person  
to  p r o t e c t  
a g a i n s t  
u n a u th o r i z e d  
reconnec t  ion  
o f  t he  energy  
s o u r c e s .

(1)  Secure by a pad
lock ,  a c l i p  and 
pad lock ,  or  a 
b a r  and pad lock .

or
(2)  A t tach  a warning  

t a g  and r e s t r i c t  
a c ce s s  i n t o  the  
a r e a  t o  t r a i n e d  
p e r s o n n e l .

or
(3) Pos t  a pe r son  t o  

p r o t e c t  a g a i n s t  
u n a u th o r i z e d  
a c t u a t i o n  o f  t he  
s w i t c h .
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a l t e r n a t e  
sou rces  o f  
power.
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ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

E l e c t r i c a l
(co n t inu ed )

Thermal (Steam)

2. Remove segments o f  
e l e c t r i c a l  c i r c u i t ,  
such as p r i n t e d  c i r 
c u i t  modules.

(1)  Tag t h e  module and 
p l a c e  in  a locked  
c a b i n e t  away from the  
c o n t r o l  c e n t e r  and 
t a g  the  c o n t r o l  c e n t e r  
doo r .

o r
(2)  Attach  a warning  t a g  

a t  the  module l o c a t i o n  
and r e s t r i c t  a c ce s s  t o  
t r a i n e d  p e r s o n n e l .

o r
(3)  Have a p e r so n  remain 

a t  t he  c o n t r o l  c e n t e r  
t o  p r o t e c t  from 
u n a u th o r i z e d  i n s t a l l a 
t i o n  o f  a spa re  or  
r ep lacem ent  module.

1. Close  v a l v e s  and 
m a i n t a in  an open 
b l e e d .

(1)  Chain and padlock  
v a lv e  o r  use  b l i n d  
f l a n g e s  o r  s l i p  
b l i n d s .

or
(2)  A t tach  warning  

t a g s  t o  t he  
v a l v e s  and 
r e s t r i c t  a c c e s s  
t o  t he  a r e a  t o  
t r a i n e d
p e r s o n n e 1. 

o r
(3)  S t a t i o n  a pe r son  

a t  t h e  v a lv e  l o c a 
t i o n s  t o  p r o t e c t  
a g a i n s t  u n a u th o r i z e d  
o r  i n a d v e r t e n t  
opening  o f  v a l v e s .

Allow t ime 
f o r
r e s i d u a l  
h e a t  to  
d i s s i p a t e .

- 2 9 -



ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

P o t e n t i a l
P r e s s u re

P o t e n t i a l
G ra v i t y

1. Close  v a l v e s  and 
m a i n t a in  open ven t  
t o  r e l i e v e .

(1)  Secure ,  b lo ck ,  
b l i n d  f l a n g e ,  s l i p  
b l i n d ,  o r  v a lv e  
w i th  l o c k in g  
d e v i c e .

or
(2)  A t tach  warning  

t a g s  and r e s t r i c t  
a c c e s s  t o  t r a i n e d  
p e r s o n n e l .

or
(3)  S t a t i o n  a pe r so n  

a t  t he  v a lv e s  t o  
p r o t e c t  a g a i n s t  
u n a u th o r i z e d  a c t u a t i o n .

Block i n  p l a c e  by (1) Secure ,  b lo c k ,  or Energy
u s in g  m e ta l  o r  wood p in  w i th  a l o c k  cou ld  be
b lo c ks  under t he ing  d e v i c e . d i s s i p a t e d
mechanism o r  p in or by lower
the  l i n k a g e s  i n  a ing t o  a
p o s i t i o n  where (2) A t tach  warning p o i n t
g r a v i t y  w i l l  no t t ag s  t o  b lo c k s , where
cause  the  mechanism l i n k a g e s ,  and p in s g r a v i t y
t o  i n a d v e r t e n t l y and r e s t r i c t  a cce s s cou ld  nof a l l . t o  t r a i n e d longer

p e r s o n n e l . cause
or i n a d v e r t e n t

(3) S t a t i o n  a person f a l l i n g .
a t  the  mechanism 
to  p reven t  u n a u th o r 
i z e d  removal o f  
b lo cks  and p in s  and 
r e i n s t a l l a t i o n  o f  
l i n k a g e s .
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ENERGY TYPE METHOD OF ISOLATING METHOD OF SECURING REMARKS
OR BLOCKING ENERGY THE POINT OF CONTROL

P o t e n t i a l
(co n t inu ed )

Springs 3. Block i n  a s a f e  
p o s i t i o n  by p i n 
n ing  or  clamping 
the  d e v ice  e l im 
i n a t i n g  the  
p o t e n t i a l  o f  
u n r e s t r i c t e d  
and u n d e s i r e d  
t r a v e l .

(1)  Secure p in  or  
clamp in  p la c e  
w i th  a lock ing  
d e v i c e .

or
(2) A t tach  warning  

t ag s  t o  t he  p in s  
and clamps and 
r e s t r i c t  r e l e a s e  
o r  a c c e s s  to  
t r a i n e d  p e r s o n n e l .

o r
(3)  S t a t i o n  a pe r son  

a t  the  c o n t r o l  
p o i n t  to  p r o t e c t  
a g a i n s t  p in  or  
clamp removal  and 
u n a u th o r i z e d  
a c t i v a t i o n  o f  t he  
s p r i n g  mechanisms.

Spr ing 
energy  
cou ld  be 
d i s s i p a t e d  
by r e l e a s e  
or  d i s 
m an t l ing  
o f  the  
mechanism.
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EXAMPLES OF ACCIDENTS PREVENTABLE BY 
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APPENDIX B

DESCRIPTION REFERENCE 
OF ACCIDENT [NO. IN BRACKETS]

HAZARD
TYPE

ACCIDENT
CAUSES

ENERGY
SOURCE

ENERGY
CONTROL
METHOD

1. [4]
WITHOUT DISCONNECTING THE 
ELECTRICAL SOURCE, AN EMPLOY
EE ATTEMPTED TO BREAK A CON
NECTION IN A 2300-VOLT CIRCUIT 
(WITHOUT ALSO TESTING THE 
CIRCUIT), RESULTING IN FATAL 
ELECTROCUTION.

SHOCK
FATALITY

1 ELECTRICAL ELECTRICAL
DISCONNECT

2. [1]
WHILE MAKING ADJUSTMENTS TO 
A DUMB WAITER, THE BACK OF A 
MECHANIC'S HEAD MADE CONTACT 
WITH AN OPEN ELECTRICAL RESET 
SWITCH RESULTING IN CONVULSIVE 
SHOCK AND A SEPARATED AND 
FRACTURED SHOULDER.

SHOCK
FRACTURE

1 ELECTRICAL ELECTRICAL
DISCONNECT

3. [2]
AN ELECTRICIAN WAS ELECTROCUTED 
WHILE REPAIRING A 480-VOLT ELEC
TRICAL CABLE IN AN AUTOMOBILE 
MANUFACTURING PLANT.

SHOCK
FATALITY

1 ELECTRICAL ELECTRICAL
DISCONNECT

4. [2]
AN EMPLOYEE WAS DISMANTLING A 
DRILLING RIG. AFTER REMOVING 
THE MAIN PIN ON THE BOOM, HE 
WAS MOVING TO THE CONTROL STATION 
WHEN THE BOOM FELL AND STRUCK 
HIM. HE HAD FAILED TO INSTALL 
THE SAFETY PIN.

IMPACT
FATALITY

1 GRAVITY BLOCKING
DEVICE

5. [88]
THE CONVEYOR STARTED UP AS THE 
MAN WAS STANDING ON IT TO WORK 
ON AN OVERHEAD CHUTE.

IMPACT
FATALITY

1 TRANSLATION ELECTRICAL
DISCONNECT

6. [89]
A MAN WAS CAUGHT BETWEEN A 
VERTICAL CONVEYOR AND A BARRIER 
GUARD.

CRUSHED
FATALITY

1 TRANSLATION ELECTRICAL
DISCONNECT
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7. [4] CRUSHED
A REPAIRMAN WAS CRUSHED BETWEEN 
TWO PATTERNS OF COPE MACHINE FATALITY
UNDER AIR PRESSURE.

TRANSLATION BLOCKING 
DEVICE

8. [13]
A HOPPER GATE CLOSED ON THE 
TORSO OF A WELDER WHO WAS 
REPAIRING THE HOPPER LINING.

CRUSHED
FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT

9. [2]
AN EMPLOYEE WAS CLEANING ON THE 
UNGUARDED SIDE OF A GRANITE WIRE 
SAW WHEN HE SLIPPED AND FELL.
HE WAS CAUGHT BY THE WIRE CLOSEST 
TO THE OUTSIDE OF THE IDLER 
WHEEL AND PULLED INTO THE NIP 
POINT AREA, RESULTING IN FATAL 
INJURIES.

LACERATIONS
FATALITY

ROTATION ELECTRICAL
DISCONNECT

1 0 . [1]
A REPAIRMAN ATTEMPTED TO CLEAN 
A FILTER WHEEL WHILE IT WAS IN 
OPERATION. LOSING HIS BALANCE, 
HE FELL ON THE WHEEL; HIS LEG 
WAS CAUGHT BETWEEN THE MOVING 
WHEEL AND THE ROLLER RESULTING 
IN A CRUSHED LEG THAT HAD TO BE 
AMPUTATED.

AMPUTATION
INJURED

ROTATION ELECTRICAL
DISCONNECT

11. [89]
A JOB SETTER WAS HAVING PROBLEMS 
WITH A SWITCH ON AN UNLOADING 
FIXTURE OF AN AUTOMATIC TRANS
FER LINE. THE GUARD WAS RE
MOVED TO OBSERVE THE OPERATION 
OF THE SWITCH. AS THE UNLOADER 
ACTUATED, IT CAUGHT THE MAN AND 
SQUEEZED HIM BETWEEN THE MOVING 
UNLOADER AND THE SUPPORT POST 
FOR THE GUARD.

CRUSHED
FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT

1 2 . [ 2 ]
AN EMPLOYEE WAS LUBRICATING THE 
CHAIN DRIVE LINKS IN A CONVEYOR 
BELT SYSTEM THROUGH A 10" X 12" 
OPENING BETWEEN THE BINS AND THE 
METAL GUIDE POST OF THE UNSTACKER 
WHILE THE MACHINERY WAS RUNNING. 
AS THE BINS MOVED FORWARD, HIS 
HEAD WAS CAUGHT BETWEEN THE BIN 
AND THE GUIDE POST.

CRUSHED
FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT
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13. [1] CONTUSION
AN EMPLOYEE WAS WORKING ON FOUR 
DIVERTER VALVES INSIDE A CABINET INJURED 
WHEN A VALVE WAS ACTIVATED BY COM
PUTER CONTROL. THE EMPLOYEE WAS 
STRUCK ON THE SIDE OF HEAD BY THE 
VALVE ARM.

TRANSLATION ELECTRICAL 
DISCONNECT

14. [2]
AN EMPLOYEE HAD BEEN FEEDING 
WASTE PAPER INTO AN INTAKE DUCT 
FAN ASSEMBLY OF A PAPER SHREDDER 
AFTER REMOVING THE FAN COVER.
WITH THE FAN STILL OPERATING,
HE ATTEMPTED TO REPLACE THE COVER 
WHEN HE WAS PULLED INTO THE FAN 
RESULTING IN A FATALITY.

LACERATIONS
FATALITY

ROTATION ELECTRICAL
DISCONNECT

15. [2]
AN EMPLOYEE WAS STANDING ON A 
STRUCTURAL BEAM OF A SHAKER 
ATTEMPTING TO UNJAM SAWDUST IN 
AN AUGER WITH A STICK WHEN HE 
WAS PULLED INTO THE AUGER AND 
CRUSHED TO DEATH.

CRUSHED
FATALITY

ROTATION ELECTRICAL
DISCONNECT

16. [2]
WHILE AN EMPLOYEE WAS CLEANING 
A BRICK CUTTER MACHINE WITHOUT 
TURNING OFF AIR PRESSURE, THE 
MACHINE WAS ACCIDENTALLY 
ACTIVATED, AND HE WAS DRAGGED 
INTO THE CUTTER.

LACERATIONS
FATALITY

ROTATION PNEUMATIC
DISCONNECT

17. [1] AMPUTATION
AN OPERATOR REMOVED THE SLEEVE 
FROM A BAGGING MACHINE TO CLEAR INJURED 
AN OBSTRUCTION FROM THE FEED SCREW.
THE MACHINE WAS STILL RUNNING,
AND HIS FINGER WAS CAUGHT.

ROTATION ELECTRICAL
DISCONNECT

18. [1]
A MACHINE OPERATOR WAS ATTEMPTING 
TO UNJAM VINYL MATERIAL IN THE 
AIR LOCK PORTION OF A RECLAIM 
SYSTEM. A HATCH ABOVE THE AIR 
LOCK WAS OPENED, AND HE REACHED 
INTO THE THROAT WITH HIS HAND TO 
PUSH THE MATERIAL FREE. HIS HAND 
WENT DOWN INTO THE ROTATING VANES 
AND HIS FINGER WAS AMPUTATED.

AMPUTATION
INJURED

ROTATION ELECTRICAL
DISCONNECT
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1 9 .  [1 ]  LACERATIONS 1 ROTATION ELECTRICAL
AN OPERATOR ATTEMPTED TO CLEAN OUT DISCONNECT
THE DOOR TRACK OF A DRYER WITHOUT INJURED 
TURNING THE MACHINE OFF WHEN THE 
AGITATOR STRUCK H IS  FIN G E R .

2 0 .  [1 ]  AMPUTATION
AN EMPLOYEE REMOVED A COVER FROM A 
SCREW CONVEYOR TO CHECK I F  I T  WAS INJURED 
RUNNING. HE LOST H IS  BALANCE AND 
STUCK H IS  FOOT INTO THE CONVEYOR.

2 1 . [2 ]
AN EMPLOYEE ATTEMPTED TO REMOVE 
SOME CLOGGED COMPOST MATERIAL 
THAT HAD JAMMED AN OPERATING KILN 
DISCHARGE CONVEYOR. H IS  CLOTHING 
BECAME ENTANGLED IN  THE UNGUARDED 
REVOLVING ROLLERS. H IS  ARM WAS 
CAUGHT IN  THE MACHINE. HE WAS 
PULLED AGAINST THE MACHINE AND 
WAS CHOKED TO DEATH.

22̂  nn
AN EMPLOYEE WAS ATTEMPTING TO 
CLEAR A JAM ON A GARNETT MA
CHINE WHILE I T  WAS IN  OPERATION.
HE CRAWLED IN S ID E  THE MACHINE 
THROUGH AN UNGUARDED HOLE WHERE 
HE BECAME ENTANGLED IN  MOVING 
PARTS, WAS DRAWN INTO THE ROLLER 
AND WAS CRUSHED.

TT. [ T i  LACERATIONS 1 ROTATION ELECTRICAL
AN EMPLOYEE WAS CLEANING AN EDGER DISCONNECT
SAW IN  A SAWMILL. PROTECTIVE FATALITY
PANELS WERE REMOVED. HE REQUESTED 
ANOTHER EMPLOYEE TO START THE SAW.
H IS  CLOTHES BECAME ENTANGLED AND
HE WAS PULLED INTO THE SAW.

24^  [T ]  CRUSHED I  ROTATION ELECTRICAL
AN EMPLOYEE WAS EMPTYING DOUGH DISCONNECT
FROM A MIXER WHILE IT  WAS S T IL L  FATALITY
RUNNING. WHEN HE REACHED INTO THE
MACHINE H IS  ARM WAS CAUGHT AND HE
WAS PULLED INTO THE MACHINE.

CRUSHED 1 ROTATION ELECTRICAL
DISCONNECT

FATALITY

CHOKED 1 ROTATION ELECTRICAL
DISCONNECT

FATALITY

1 ROTATION ELECTRICAL
DISCONNECT
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2 5 .  [ 2 ]  CRUSHED
AN EMPLOYEE REACHED TO FREE A
CLOTH THAT HAD WRAPPED AROUND THE FATALITY
WHIPROLL OF AN OPERATING TEXTILE
DOLLEY WASHER. H IS  HAND WAS CAUGHT
IN  THE CLOTH AND HE WAS DRAGGED
INTO THE WHIPROLL.

1 ROTATION ELECTRICAL
DISCONNECT

2 6 .  [ 2 ]  CRUSHED
AN EMPLOYEE WAS USING A HOOK TO
CLEAN THE WOOL FROM THE BRUSH FATALITY
ROLLER OF A YARN CARDING MACHINE
WHILE IT  WAS RUNNING. HE WAS
PULLED INTO THE MACHINE.

1 ROTATION ELECTRICAL
DISCONNECT

2 7 .  [ 2 ]  CRUSHED
AN EMPLOYEE WAS W IPING THE MIXER
SHAFT WITH A LARGE RAG WHILE FATALITY
THE MIXER WAS RUNNING. THE CLOTH
BECAME ENTANGLED AND PULLED HIM
AGAINST THE STEEL ARM THAT HELD
THE SHAFT.

1 ROTATION ELECTRICAL
DISCONNECT

2 8 .  [1 ]  BURNS 
AN ELECTRICIA N  WAS REPAIRING A 
BURNED FEEDER TO A FURNACE. HE INJURED 
GRASPED A AND B PHASE FEED ERS, A 
CURRENT PASSED THROUGH BOTH ARMS 
AND CHEST CAUSING BURNS TO BOTH 
HANDS AND A FALL. AUXILIARY POWER 
WAS ST IL L  ON.

2 ELECTRICAL ELECTRICAL
DISCONNECT

2 9 .  [ 5 ]  SHOCK
A PLANT ELECTRICIAN WAS REPAIRING
SOME DAMAGED ELECTRICAL CABLES. FATALITY
C IR C U IT  BREAKERS HAD BEEN OPENED
IN  A SUBSTATION. AS HE CUT ONE OF
THE CABLES, HE WAS ELECTROCUTED.
PROPER VOLTAGE TESTS WERE NOT MADE 
PR IO R TO BEGINNING WORK.

2 ELECTRICAL ELECTRICAL
DISCONNECT
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3 0 .  [ 2 ]  CRUSHED
AN EMPLOYEE WAS PERFORMING DRYWALL
REPAIRS FROM THE IN S ID E  OF AN FATALITY
ELEVATOR SHAFT RATHER THAN FROM
THE OUTSIDE AS INSTRUCTED. A
WOODEN BEAM WAS USED TO JAM THE
ELEVATOR DOOR ON THE SECOND FLOOR
AND THE OUTSIDE PANEL SWITCH ON
THE MAIN FLOOR HAD BEEN TURNED O F F .
THE EMPLOYEE WAS CRUSHED TO DEATH BY 
THE ELEVATOR WHEN WORKING ON THE 
MAIN FLOOR BECAUSE THE ELEVATOR 
RETURNED TO IT S  HOME BASE RATHER 
THAN REMAINING ON THE SECOND FLOOR.

TRANSLATION ELECTRICAL 
DISCONNECT

3 1 .  [ 2 ]  CRUSHED
THE WASTE HOGGER OPERATOR CLEANING
THE MACHINE FELL INTO A CONVEYOR FATALITY
AND WAS PULLED INTO A 1 4 -IN C H
OPENING AND CRUSHED. THE HOGGER
HAD BEEN TURNED OFF BUT NOT THE
CONVEYOR.

TRANSLATION ELECTRICAL 
DISCONNECT

3 2 .  [ 2 ]
AN EMPLOYEE WAS PARTIALLY IN S ID E  
AN ASPHALT MIXING MACHINE CHANG
ING PADDLES. ANOTHER EMPLOYEE 
ACCIDENTALLY H IT  A TOGGLE SWITCH 
WHICH CLOSED THE DOOR OF THE MIXER, 
STR IK IN G  THE MAN.

IMPACT

FATALITY

TRANSLATION ELECTRICAL 
DISCONNECT 

OR 
BLOCKING 
DEVICE

3 3 .  [1 ]  FRACTURE
A WORKER WAS REPLACING A V -BELT ON 
A DUST COLLECTOR BLOWER. HE HAD INJURED 
SHUT DOWN THE UNIT BY A LOCAL 
SWITCH ONLY. AN OPERATOR IN  THE 
CONTROL ROOM RESTARTED THE U N IT ,
USING A REMOTE SWITCH CENTER.
THE WORKER'S HAND WAS CAUGHT 
BETWEEN THE PULLEY AND BELTS 
RESULTING IN  CUTS AND A 
FRACTURED FIN G E R .

ROTATION ELECTRICAL
DISCONNECT

3 4 .  [9 1 ]
AN EMPLOYEE REMOVED A JAM FROM A 
PACKAGING MACHINE WITH THE POWER 
TURNED O F F . RESIDUAL HYDRAULIC 
PRESSURE ACTIVATED THE HOLDING 
D EV IC E.

CRUSHED

INJURED

TRANSLATION BLOCKING 
DEVICE
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3 5 .  [1 ]
TWO EMPLOYEES HAD OPENED A P I P E 
LIN E  FOR REPAIRS WHEN A THIRD 
EMPLOYEE STARTED A FEED PUMP.
TWO EMPLOYEES WERE SPRAYED WITH 
A C ID .

ACID
BURNS

INJURED

4 ELECTRICAL ELECTRICAL 
DISCONNECT 

AND/OR 
S L IP  BLIND

3 6 .  [1 ]
A MECHANIC WAS REPAIRING A 
CAUSTIC PUMP WHEN A COWORKER 
ACCIDENTALLY ENERGIZED THE PUMP 
AND SPRAYED THE MECHANIC WITH 
CA U STIC.

CAUSTIC
BLIND

INJURED

4 ELECTRICAL ELECTRICAL
DISCONNECT

3 7 .  [1 ]
AN EMPLOYEE RECEIVED CHEMICAL 
BURNS WHEN A COWORKER IN  THE 
CONTROL ROOM OPENED A VALVE TO 
A DISCONNECTED L IN E THAT WAS IN  
THE PROCESS OF BEING TESTED .

CHEMICAL

INJURED

4 PRESSURE S L IP  BLIND 
OR VALVE 
CHAINED IN  
CLOSED 
P O S IT IO N

3 8 .  [ 4 ]
AN EMPLOYEE WAS IN  THE PROCESS OF 
CUTTING A P IP E  WHEN D IE S E L  FUEL 
WAS MISTAKENLY DISCHARGED INTO 
L IN E  AND WAS IG N ITED  BY THE 
TORCH.

BURNS

FATALITY

4 THERMAL S L IP  BLIND 
OR VALVE 
CHAINED IN  
CLOSED 
P O S IT IO N

3 9 .  [ 9 1 ]
A REPAIRMAN WAS CRUSHED WHEN 
ANOTHER EMPLOYEE ACTIVATED A 
CONVEYOR IN  A COKE FURNACE.

CRUSHED

INJURED

4 TRANSLATION ELECTRICAL
DISCONNECT

4 0 .  [ 2 ]
AN EMPLOYEE WAS GREASING BEARINGS 
ON THE ROLLERS OF A LOG CART 
MACHINE. HE ACCIDENTALLY TRIPPED  
A LEVER CAUSING A ROLLER TO MOVE 
WHICH CRUSHED H IM .

CRUSHED

FATALITY

4 TRANSLATION ELECTRICAL
DISCONNECT

4 1 .  [ 2 ]
WHILE SETTING UP A VACUUM FORMING 
P R E S S , AN EMPLOYEE LEANED OVER 
THE PRESS AND ACCIDENTALLY 
ACTIVATED THE START SWITCH AND 
WAS CRUSHED.

CRUSHED

FATALITY

4 TRANSLATION ELECTRICAL
AND/OR

PNEUMATIC
DISCONNECT
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4 2 .  [2 ]
AN EMPLOYEE WAS REPA IRIN G  A CON
VEYOR IN S ID E  A COKE FURNACE WHEN 
ANOTHER EMPLOYEE ACTIVATED THE 
CONVEYOR.

CRUSHED

FATALITY

4 TRANSLATION ELECTRICAL
DISCONNECT

4 3 .  [1 ]
AN EMPLOYEE WAS WORKING AT TOP OF 
A KILN LARK? WHEN ANOTHER EMPLOYEE 
CAUSED THE COUNTERWEIGHT TO DROP.

AMPUTATION

INJURED

4 TRANSLATION ELECTRICAL
DISCONNECT

4 4 .  [ 2 ]
AN EMPLOYEE ACCIDENTALLY ACTIVATED 
THE CARRIAGE CONTROL LEVER IN  
THE BOOTH. THE BOOTH MOVED, 
THROWING HIM INTO THE 3 6 - INCH 
SAW BLADE.

LACERATIONS

FATALITY

4 ROTATION ELECTRICAL
DISCONNECT

4 5 .  [1 ]
A MAINTENANCE MAN IN S ID E  A LARGE 
M IXING DRUM MAKING REPA IRS WAS 
STRUCK BY THE BEATER BLADES WHEN 
THEY WERE INADVERTENTLY ACTIVATED.

IMPACT

FATALITY

4 ROTATION ELECTRICAL
DISCONNECT

4 6 .  [1 ]
A U T IL IT Y  MAN WAS USING A TOOL TO 
TURN THE FEED ROLL MOTOR OF A 
STAPLE MACHINE FOR CLEANING. THE 
MOTOR WAS TURNED ON ACCIDENTALLY 
AFTER HE GAVE VERBAL IN STR U CTIO N S, 
"D O N 'T  START MOTOR." HE WAS 
STRUCK ON THE ARM BY THE TOOL.

IMPACT

INJURED

4 ROTATION ELECTRICAL
DISCONNECT

4 7 .  [1 ]
AN EMPLOYEE WAS WORKING ON AN A G I
TATOR IN  A P I T  WHEN SOMEONE ELSE 
STARTED THE AGITATOR AND ALSO COM
MENCED F IL L IN G  THE P I T  WITH WATER 
AND STOCK. HE RECEIVED MULTIPLE 
CONTUSIONS, ABRASIONS, AND LACERA
TIO N S TO LEG S, H I P ,  AND SCALP.

LACERATIONS

INJURED

4 ROTATION DISCONNECT 
ALL ENERGY

4 8 .  [9 1 ]
AN EMPLOYEE WAS INJURED WHEN THE 
PL A S TIC  PELLETIZER  HE OPERATED 
ACCIDENTALLY ACTIVATED WHILE HE 
WAS REACHING THROUGH AN UN
GUARDED PORTHOLE TO CLEAN I T .

CRUSHED

INJURED

4 TRANSLATION ELECTRICAL
DISCONNECT
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4 9 .  [2 ]
AN EMPLOYEE WAS WORKING ON A MOLD
ING MACHINE TURNTABLE. HE WAS 
STANDING BETWEEN THE TRANSFER ARM 
AND THE WEIGHT CHANGER WHEN HE 
ACCIDENTALLY ACTIVATED THE CON
TROLS OF THE TRANSFER ARM. THE 
TRANSFER ARM CRUSHED HIM AGAINST 
THE WEIGHT CHANGER.

CRUSHED 4  

FATALITY

TRANSLATION ELECTRICAL
DISCONNECT

5 0 .  [ 2 ]
AN EMPLOYEE WAS IN S ID E  A T I E -  
BORING MACHINE ADJUSTING THE 
SWITCHES TO RELIEVE A JAM WHEN 
THE CONVEYOR SYSTEM STARTED 
MOVING CAUSING HIM TO BE 
CAUGHT BETWEEN A T IE  AND THE 
BORING M ILL.

CRUSHED 4  

FATALITY

TRANSLATION ELECTRICAL
DISCONNECT

5 1 .  [ 2 ]
TWO EMPLOYEES WERE OPERATING A 
PR ESS BRAKE. THE WORK P IE C E  WAS 
BEING REPOSITIONED FOR THE NEXT 
OPERATION. ONE EMPLOYEE HAD H IS  
HEAD IN  THE PO IN T OF OPERATION 
WHEN THE PR ESS WAS ACTIVATED 
ACCIDENTALLY BY THE OTHER 
EMPLOYEE.

CRUSHED 4 

FATALITY

TRANSLATION ELECTRICAL 
CONNECT OR 
BLOCKING 
DEVICE

5 2 .  [ 1 8 ]
AN EMPLOYEE WAS CLEANING A FLOUR 
BATCH MIXER WHEN THE START SWITCH 
WAS INADVERTENTLY ACTIVATED CRUSH
ING H IS  NECK.

CRUSHED 4 

FATALITY

ROTATION ELECTRICAL
DISCONNECT

5 3 .  [ 2 ]
AN EMPLOYEE WAS CLEANING THE 
IN S ID E  OF A PUG MILL MIXER SILO  
WHEN ANOTHER EMPLOYEE STARTED 
THE MACHINE.

CRUSHED 4 

FATALITY

ROTATION ELECTRICAL
DISCONNECT

5 4 .  [1 ]  AMPUTATION 4
AN EMPLOYEE WAS REPLACING A ROLLER
CHAIN KEY AND SPROCKET FOR A SET INJURED
OF ROLLS ON METAL SCRUBBER WHEN
SOMEONE ELSE JOGGED THE MACHINE AND
CAUGHT H IS  FIN G E R S.

ROTATION ELECTRICAL
DISCONNECT
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5 5 .  [1 ]  CRUSHED
AN EMPLOYEE WAS CLEANING A PELLET
MACHINE WHILE THE GUARD OVER THE INJURED
FEED ROLLS WAS REMOVED. HE
ACCIDENTLY STARTED THE MACHINE
AND H IS  HAND BECAME CAUGHT
IN  THE ROLLS.

4 ROTATION ELECTRICAL
DISCONNECT

5 6 .  [1 ]  CRUSHED
AN EMPLOYEE WAS TRAPPED BETWEEN
THE BLENDER SHELL AND THE OPENED INJURED
DOOR HE WAS WORKING THROUGH WHEN
THE BLENDER WAS ACCIDENTALLY
ENERGIZED.

4 ROTATION ELECTRICAL
DISCONNECT

5 7 . [1 ]  LACERATIONS 
AN EMPLOYEE WAS TRAPPED IN S ID E  
A MIXER WHEN IT  WAS ACCIDENTALLY INJURED 
ENERGIZED BY ANOTHER EMPLOYEE.

4 ROTATION ELECTRICAL
DISCONNECT

5 8 .  [1 ]  AMPUTATION
AN EMPLOYEE REMOVED THE HOSE FROM
THE CLEANOUT OPENING OF A PUMP INJURED
AND COMMENCED CLEANING OUT THE PUMP
WITH H IS  HAND. A COWORKER STARTED
THE PUMP RESULTING IN  AMPUTATION
OF A FIN G ER .

4 ROTATION ELECTRICAL
DISCONNECT

5 9 .  [1 ]  FRACTURE 
AN EMPLOYEE WAS CLEANING THE DRIVE 
PULLEY OF A CENTRIFUGE CONVEYOR. INJURED 
THE CONVEYOR SUDDENLY BEGAN MOVING 
DRAWING H IS  ARM IN  BETWEEN THE 
PULLEY AND THE BELT RESULTING IN  
FRACTURES OF H IS  ARM. A COWORKER HAD 
ENERGIZED THE CONVEYOR.

4 ROTATION ELECTRICAL
DISCONNECT
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Appendix C
EVALUATION OF EXISTING STANDARDS -  INTERNATIONAL, NATIONAL, STATE, CONSENSUS

The fo l low in g  pa rag rap hs  compare and e v a l u a t e  t he  c u r r e n t  n a t i o n a l ,  s t a t e ,  
i n t e r n a t i o n a l ,  and consensus  s t a n d a r d s  r e l a t e d  to  energy  c o n t r o l s  ( l o c k o u t /  
t a g o u t s )  f o r  accom pl i sh ing  maintenance  and s e r v i c i n g  a c t i v i t i e s  s a f e l y .  
S p e c i f i c a l l y ,  the g u i d e l i n e s  recommended a re  compared w i th :  OSHA Genera l
I n d u s t ry  S tandards  (29 CFR 1910) and OSHA C o n s t r u c t i o n  S tandards  (29 CFR 
1926);  S t a t e  S tandards  (with  approved OSHA p l a n s ) ;  c r i t e r i a  deve loped  in  
Canada ( A l b e r t a ) ,  Germany, and B r i t a i n ;  and consensus s t a n d a rd s  ANSI 
Z244 .1-1982 and NFPA 70E p a r t  I I .
Summary
Appendix Tables  C - l ,  C-2, and C-3 p r e s e n t  an o v e r a l l  compar ison  of  t he  recom
mended g u i d e l i n e s  w i th  the  r e s p e c t i v e  n a t i o n a l ,  s t a t e ,  i n t e r n a t i o n a l ,  and 
consensus  s t a n d a r d s .  Even though the  types  o f  energy  a p p l i c a b l e  and the  
i n d u s t r i e s  a f f e c t e d  v a r y ,  a c o n s i d e r a b l e  c o n s i s t e n c y  i s  found in  the  g u id e 
l i n e s  r e q u i r e d  fo r  a l l  exc e p t  t h e  OSHA n a t i o n a l  s t a n d a r d s  and the  s t a t e  OSHA 
s t a n d a rd s  (with the e x c e p t i o n s  o f  C a l i f o r n i a  and M ich igan) .  The primary 
c r i t e r i a  e lements e l i m i n a t i n g  e ne rg y ,  s e c u r in g  the  means by which the  energy  
i s  e l i m i n a t e d ,  v e r i f y i n g  t h a t  energy  has  d i s s i p a t e d  to  s a f e  l e v e l s ,  docu
menting  th e  p ro ced u res ,  and t r a i n i n g  the  p e r s o n n e l  i n v o lv e d ,  a r e  found 
c o n s i s t e n t l y  i n  the  o t h e r  s t a n d a r d s .
The e x i s t i n g  n a t i o n a l  OSHA s t a n d a rd s  a re  i n a d eq u a te  because  o f  incom ple te  
i n d u s t r y  coverage  and incom ple te  and i n c o n s i s t e n t  c r i t e r i a  where s t a n d a r d s  
e x i s t .  The e x i s t i n g  s t a t e  s t a n d a r d s ,  w i th  the  e x c e p t i o n  o f  t h o s e  fo r  
C a l i f o r n i a  and Michigan,  a r e  r e p r i n t s  o f  the n a t i o n a l  s t a n d a r d s .  The 
C a l i f o r n i a  and Michigan s t a n d a r d s  c l o s e l y  p a r a l l e l  t he  recommended g u i d e l i n e s ;  
however,  they do not  provide  the  t h r e e  a l t e r n a t e  means o f  s e c u r in g  the  
p o i n t ( s )  o f  c o n t r o l  as  p rovided  by the  recommended g u i d e l i n e s .  The C a l i f o r n i a  
s t a n d a r d s  a r e  a l s o  l i m i t e d  to  e l e c t r i c a l  energy  and mechan ica l  motion o f  
equipment;  whereas,  t h e  recommended c r i t e r i a  cover e l e c t r i c a l ,  m echan ica l ,  and 
therm al  ene rgy .
The e x i s t i n g  A lb e r t a ,  Canada,  r e g u l a t i o n s  lack  e f f e c t i v e n e s s  s i n c e  they  do no t  
i n c lu d e  m echan ica l  motion o r  therm al  energy  as a p p l i c a b l e  forms o f  energy  t h a t  
p e r s o n n e l  must be s a feg ua rd ed  a g a i n s t .  A lso ,  t he  A lb e r t a  r e g u l a t i o n s  do no t  
s p e c i f y  the  documenting o f  p rocedures  and t r a i n i n g  o f  p e r so nn e l  as n e c e s s a r y  
r e q u i r e m e n ts  f o r  an e f f e c t i v e  program fo r  c o n t r o l l i n g  h a z a rd s  d u r in g  m a in te 
nance .
The d r a f t  German Accident  P r e v e n t i o n  S p e c i f i c a t i o n s  do n o t  i n c lu d e  e l e c t r i c a l ,  
chem ica l ,  o r  thermal  as a p p l i c a b l e  forms o f  energy  to  be c o n t r o l l e d  d u r in g  
main tenance  and s e r v i c i n g .  I n d u s t r i e s  a f f e c t e d  by the  s p e c i f i c a t i o n s  a re  
l i m i t e d  t o  "power d r iven  equipment"  which exc ludes  many i n d u s t r i e s  t h a t  expose 
workers  t o  hazardous  l e v e l s  o f  energy  du r ing  m a in tenance .  The German s p e c i f i 
c a t i o n s  do no t  r e q u i r e  v e r i f i c a t i o n  t h a t  h az a rd s  have been c o n t r o l l e d ,  docu
menting  o f  p ro ced ures ,  o r  t r a i n i n g  o f  p e r so nn e l  i n  s a f e  work p r a c t i c e s .
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TABLE C-l  
COMPARISON SUMMARY OF 

TYPES OF ENERGY

RECOMMENDED GUIDELINES: Mechanical  motion;  p o t e n t i a l  energy due to  p r e s s u r e ,  g r a v i t y ,  o r  s p r i n g s ;  e l e c t r i c a l
energy ;  thermal  energy r e s u l t i n g  from high  or low tem p e ra tu r e .

i-p>l_nI

NATIONAL

E l e c t r i c a l  energy;  
h y d ra u l i c  p r e s s u r e ;  
thermal  energy .  
Mechanical  motion 
i s  implied  bu t  no t  
s t a t e d .

STATES*

E s s e n t i a l l y  
i d e n t i c a l  to  the  
n a t i o n a l  OSHA 
s t a n d a rd  excep t  
fo r  C a l i f o r n i a .  
C a l i f o r n i a  s t a n d 
a rd s  apply  t o  
e l e c t r i c a l  energy  
and mechan ica l  
mot ion .

ALBERTA
CANADA

[92]
P o t e n t i a l
energy ,
power,
chemical
e ne rgy .

INTERNATIONAL
GERMANY

[46]
Mechanical  
mot ion ,  
p o t e n t i a l  
ene rgy .

CONSENSUS
BRITAIN

[71]
Mechanical
motion.

ANSI
Z244.1-1982 

[5]
E l e c t r i c a l ,  
m e c h a n ic a l , 
h y d r a u l i c , 
c h e m ic a l , 
n u c l e a r ,  and 
thermal  energy .

NFPA 70E 
P a r t  I I  

[54]
E l e c t r i c a l  
e n e r g y .

* S t a t e s  r e v ie w e d :  AL, AZ, CA, H I , IN , IA , KY, MD, M I, MN, NC, NV, OR, SC, TN, VT, WA, an d  WY.



TABLE C-2 
COMPARISON SUMMARY OF 

INDUSTRIES AFFECTED

RECOMMENDED GUIDELINES: Those i n d u s t r i e s  t h a t  expose workers  to  hazardous l e v e l s  o f  energy  dur ing
m a in te na n c e .

NATIONAL STATES*
ALBERTA
CANADA

[92]

INTERNATIONAL
GERMANY

[46]
BRITAIN

[71]

CONSENSUS
ANSI
Z244.1-1982 

[5]
NFPA 7 OE 
P a r t  I I  

[54]

I■p-ONI

Overhead and gan t ry  
c ranes ;  woodworking; 
mechanical  power 
p r e s s e s ;  fo rg in g  
machines;  p u lp ,  
p ape r ,  and p a p e r 
board m i l l s ;  
t e x t i l e s ;  b a k e r i e s ;  
sawmill s;  t e l e 
communications; 
and c o n s t r u c t i o n .

Same as t he  
n a t i o n a l  OSHA 
s t a n d a rd  excep t  
f o r  C a l i f o r n i a .  
C a l i f o r n i a  lo c k 
out  s t a n d a rd s  
a r e  a p p l i c a b l e  
t o  e l e c t r i c a l  
and g e n e ra l  
indus  t r y .

Machinery 
and eq u ip 
ment , 
powered 
mobile  
equipment 
and h o i s t s .

Power 
d r iv e n  
e qu ipm en t .

Machinery
and
p ro cesse s  
a p p l i c a b l e  
to  a l l  
s e c t o r s  o f  
i n d u s t r y .

Not s p e c i f i e d , Not s p e c i f i e d .  
Applies to  
anyone who 
works on,  n ea r  
o r  with 
e l e c t r i c  
c i r c u i t s  and 
equ ipm en t .

* S t a t e s  r e v ie w e d :  AL, AZ, CA, H I , IN , IA , KY, MD, M I, MN, NC, NV, OR, SC, TN, VT, WA, an d  WY.



TABLE C-3 
COMPARISON SUMMARY OF 
CRITERIA REQUIREMENTS

RECOMMENDED GUIDELINES: Energy s h a l l  be i s o l a t e d ,  b locked ,  d i s s i p a t e d ,  s e c u r e d ,  v e r i f i e d .  Procedures  s h a l l
be documented and p e r so nn e l  s h a l l  be t r a i n e d .

NATIONAL STATES* INTERNATIONAL CONSENSUS
ALBERTA ANSI NFPA 70E
CANADA GERMANY BRITAIN Z244.1-1982 P a r t  I I

[92] [46] [71] [5] [54]
Incomple te and E s s e n t i a l l y Energy Energy Document a Energy sources Energy
i n c o n s i s t e n t .  Some i d e n t i c a l  t o  the s h a l l  be s h a l l  be w r i t t e n s h a l l  be sources
s e c t i o n s  r e q u i r e n a t i o n a l  OSHA i s o l a t e d , i s o l a t e d , "permi t  to b lo cked ,  d i s s i  s h a l l  be
p ro v i s io n s  f o r  l oc k  s t a n d a r d  excep t b l o c k e d , b lo c k e d , work" p a t e d ,  secured b lo c k e d ,
out  on ly  w h i le i n  C a l i f o r n i a . d i s s i p a t e d , and d i s  system by lockout d i s s i p a t e d ,
o t h e r  s e c t i o n s C a l i f o r n i a secu red s i p a t e d  . procedure d ev ice s  o r  t a g  secured  by
r e q u i r e  p h y s i c a l r e q u i r e s  t h a t a g a i n s t Unauthor ized and t r a i n ou t  d e v i c e s , t a g  on ly ,  o
lockou t  or  t a g o u t energy  be a c c i d e n t a l e r roneous  or pe r so nn e l and v e r i f i e d . lock o n ly ,
bu t  do n o t  r e q u i r e i s o l a t e d , movement unexpected in  s a f e Procedures or no locks
v e r i f i c a t i o n , b locked ,  d i s s i  or  use  a i n i t i a t i o n p r a c t i c e s . s h a l l  be docu or t a g s .  = n
procedures ,  o r p a t e d ,  s e c u r ed , p h y s i c a l o f  hazardous mented and v e r i f i e d .
t r a i n i n g . a warning  be means on movements p e r so nn e l Procedures

p o s t e d ,  and the  power s h a l l  be s h a l l  be s h a l l  be
v e r i f i e d . c o n t r o l ,  a a v o id e d . t r a i n e d . documented
Procedures warning and p e r so n 
s h a l l  be docu t a g ,  and n e l  s h a l l
mented and v e r i f i e d . t r a i n e d .
p e r so nn e l  s h a l l
be t r a i n e d .

* S t a t e s  rev iewed: AL, AZ, CA, HI, IN, IA,, KY, MD, MI , MN, NC, NV, OR, SC, TN, VT, WA, and WY.



The e x i s t i n g  B r i t i s h  Code o f  P r a c t i c e  r e l i e s  on t h e  human element to fo l low  a 
documented "permi t  t o  work" system fo r  per fo rm ing  m a in tenance .  I t  c l o s e l y  
p a r a l l e l s  t he  recommended g u i d e l i n e s ,  and r e l i e s  on the  documented system to  
s e r v e  as a r e c o r d  o f  a l l  the  f o r e s e e a b l e  h az a rd s  which have been c o n s id e r e d  i n  
advance.  I t  a l s o  r e l i e s  h e a v i l y  on s u p e r v i s i o n  to  see  t h a t  the  system o pe r 
a t e s  p r o p e r ly .
The Consensus S tandards  a re  s i m i l a r  to  t he  recommended g u i d e l i n e s .  They p ro 
v id e  the  o p t i o n s  o f  (1) s e c u r in g  the  p o i n t ( s )  o f  c o n t r o l  by lockou t  or  t a g o u t  
d e v ic e s  or  (2) hav ing  no locks  or  t a g s ,  p rov ided  o t h e r  r eq u i rem en ts  a re  met.  
These s t a n d a r d s ,  however,  do n o t  a l low  the  o p t i o n  o f  hav ing  a person  remain a t  
t h e  p o i n t ( s )  o f  c o n t r o l  t o  p r o t e c t  a g a i n s t  u n a u th o r i z e d  a c t u a t i o n  of  t he  ma
chine  o r  p rocess  d u r in g  main tenance  and s e r v i c i n g .  A lso ,  t he  s t a n d a rd s  do no t  
cover  t he  broad  spec t rum o f  h a z a r d s  as do the  recommended g u i d e l i n e s .
N a t iona l  S tandards
The e x i s t i n g  n a t i o n a l  s t a n d a r d s  as shown in  Table  C-4 a re  no t  uni fo rm in  t h e i r  
cove rage .  I n c o n s i s t e n c i e s  i n  the r eq u i rem en ts  e x i s t  between i n d u s t r i e s  and 
between equipment w i t h i n  the  same i n d u s t r y .  Some s e c t i o n s  o f  the  Genera l  
In d u s t r y  S tandards  imply l o c k in g  ou t  o r  t a g g in g  out  energy  r a t h e r  than  s p e c i 
fy ing  t h a t  l ockou ts  or  t a g o u t s  be per fo rmed .  S e c t io n s  of  t he  s t a n d a rd  cove r 
ing  i n d u s t r i e s  or  equipment r e q u i r i n g  p r o v i s i o n s  f o r  on ly  l o c k in g  out  o r  t a g 
ging ou t  energy a re :  overhead  and gan t ry  c r a n e s ;  woodworking machinery;
mechan ica l  power p r e s s e s ;  c e r t a i n  fo rg in g  machines ;  c e r t a i n  pu lp ,  p a p e r ,  and 
paperboard  m i l l s ;  t e x t i l e s ;  c e r t a i n  bakery  equipment ;  and c e r t a i n  sawmill  
equipment .  Other s e c t i o n s  o f  t he  General  I n d u s t r y  S tandard  a r e  more p o s i t i v e  
and e x p l i c i t  in  t h e i r  coverage  in  t h a t  they  s p e c i f y  t h a t  loc k ou t s  o r  t a g o u t s  
s h a l l  be u t i l i z e d .  I n d u s t r i e s  o r  equipment in  t h i s  c a t e g o ry  a r e :  c e r t a i n
fo rg in g  machines;  c e r t a i n  pu lp ,  p ap e r ,  and paperboard  m i l l  equipment;  c e r t a i n  
bake ry  equipment;  c e r t a i n  sawmill  equ ipment;  and t e lecom m unica t ions  sy s tem s .  
The C o n s t r u c t i o n  S tandard i s  a l s o  i n c o n s i s t e n t  in  i t s  r e q u i r e m e n t s .  S ec t io n s  
o f  the  s t a n d a rd  co v e r in g  i n d u s t r i e s  or  equipment where in  p r o v i s i o n s  f o r  on ly  
lock in g  out  o r  t agg ing  ou t  energy  a re  s p e c i f i e d  c o n s i s t  o f :  woodworking
t o o l s ,  base-mounted drum h o i s t s ,  motor v e h i c l e s ,  and p i l e - d r i v i n g  equipment .  
S e c t io n s  o f  t he  C o n s t r u c t i o n  Standard cove r ing  i n d u s t r i e s  o r  equipment which 
s p e c i f y  t h a t  lock ou ts  o r  t a g o u t s  be per formed a r e :  g e n e r a l  c o n t r a c t o r
machinery ,  e l e c t r i c a l  c i r c u i t s ,  conveyors ,  c o n s t r u c t i o n  equipment such as 
b u l l d o z e r s  and e n d - l o a d e r s ,  e l e c t r i c  b l a s t i n g  equ ipm ent ,  power t r a n s m i s s i o n  
and d i s t r i b u t i o n  l i n e s  and equ ipment ,  and e l e c t r i c a l  s u b s t a t i o n s .  The e x i s t 
ing  n a t i o n a l  s t a n d a r d s  have on ly  l i m i t e d  e f f e c t i v e n e s s  because  o f  the  l a c k  o f  
u n i f o r m i t y  ( lo ck o u t s  f o r  some i n d u s t r i e s  and on ly  p r o v i s i o n s  fo r  loc k ou t s  fo r  
o t h e r s )  and because  they  a r e  w r i t t e n  on ly  fo r  s p e c i f i c  i n d u s t r i e s .  The e x i s t 
ing Genera l  I n d u s t ry  and C o n s t r u c t i o n  S tandards  r e l a t e d  to  t h i s  s u b j e c t ,  as 
compiled by OSHA, a r e  c o n t a in e d  i n  Appendix D.
S t a t e  S tandards
The e x i s t i n g  s t a t e  s t a n d a r d s  (Table  C-5) ,  w i th  the  e x c e p t i o n  o f  tho se  f o r  
C a l i f o r n i a  and Michigan,  a r e  e s s e n t i a l l y  i d e n t i c a l  t o  the n a t i o n a l  s t a n d a r d s .  
C a l i f o r n i a  has h o r i z o n t a l  s t a n d a r d s  which recommend i s o l a t i n g  or  b lo c k in g  
energy  s o u r c e s ;  d i s s i p a t i n g  or  b lo c k in g  s t o r e d  energy  t h a t  c o n s t i t u t e s  a p e r 
so nne l  haza rd ;  u s ing  p h y s i c a l  means or  d e v ic e s  to  secu re  the  p o in t  o f  c o n t r o l
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TABLE C -4

GENERAL INDUSTRY, OSHA SAFETY AND HEALTH STANDARDS 29 CFR PART 1926, OSHA SAFETY AND HEALTH REGULATIONS
i. (29 CFR 1910) CONSTRUCTION, FEDERAL REGISTER

LOCKOUT AND TAGOUT NATIONAL STANDARDS

These s t a nd a rd s  a re  w r i t t e n  f o r  s p e c i f i c  i n d u s t r i e s  
on ly .  Ihe fo l lo w in g  s e c t i o n s  o f  the  s t a n d a r d s  make 
p r o v i s io n s  f o r  lock ing  ou t  o r  t ag g in g  ou t  ene rgy .

1910.145( f ) ( 1 ) ( i ) 261 (e ( 1 2 ) ( i i i )
1 4 5 ( f ) ( 3 ) ( i i i ) 261 (e (13)1 179(g)( 5 ) ( i ) 261 ( f ( 6 ) ( i )

' 17 9 ( g ) ( 5 ) ( i i ) 261 (g (4) ( i i )< 1 7 9 ( g ) ( 5 ) ( i i i ) 261 (g ( 1 5 ) ( i )< 179(1) (2) Ci) (c) 261 (g ( 1 6 ) ( i )
i 181( f ) ( 2 ) ( i ) ( c ) 261 (g ( 1 9 ) ( i i i )
£  2 1 3 ( a ) (10) 261 (g (21)' ' 213(b)(5) 261 ( j ( 1 ) ( i i i )

i 2 1 7 ( b ) ( 8 ) ( i ) 261 ( j ( 4 ) ( i i i )
t 217( d ) ( 9 ) ( iv ) 261 ( j ( 5 ) ( i i i )
E 218( a ) ( 3 ) ( i i i ) 261 ( j (6) ( i )
I 2 1 8 ( a ) ( 3 ) ( i v ) 261 (k ( 2 ) ( i i )
c 218(d) (2) 262(c (1)c 218(e )(1)  ( i i ) 262 (n (2)
3 2 1 8 ( f ) (1 ) 262(p (1)3 2 1 8 ( f ) (2 ) 262 (q (2)
3 218(g)(1) 263(k ( 1 2 ) ( i )
3 218(h)(2) 263(1 ( 3 ) ( i i i ) ( b  )
3 218(h )(5 ) 263(1 ( 8 ) ( i i i )
i 218( i ) (1) 265 (c ( 1 2 ) (v)
5 218(i ) (2) 265(c (13)
i 218(j ) (1 ) 265 (c (26) ( i i i )> 2 5 2 ( c ) ( 1 ) ( i ) 265(c (26) (v)

261(b)(4 ) 265 (e ( l ) ( i v )
261(b)(5) 268(1 (2)
2 61 (e ) (2 )  
2 6 1 ( e ) (10)

268 (m ( 7 ) ( i )

These r e g u l a t i o n s  a re  w r i t t e n  fo r  gen e ra l  use equipment 
s p e c i f i c  purpose  equ ipment,  and s p e c i a l  systems w i th  
l im i t e d  a p p l i c a b i l i t y .  The fo l lowing  s e c t i o n s  o f  the  
r e g u l a t i o n s  make p r o v i s io n s  fo r  lock ing  out  or  ta g g i r n  
out  ene rgy .
1926 .20 (b ) (3 )

2 0 0 (h ) (1 )
2 00(h ) (2 )
304(a )
400(a)
5 5 5 (a ) (7 )
601( b ) (10)
906 ( j  )
906(1)
9 5 0 ( d ) ( 1 ) ( i i ) ( b )
950(d ) (2 )



TABLE C-5

STATE OF CALIFORNIA STANDARDS STANDARDS FROM OTHER STATES
AND THE TERRITORY OF PUERTO RICO

STATE STANDARDS

These s t a n d a rd s  p a r a l l e l  the 
recommended g u i d e l i n e s .
The s t a n d a rd s  a r e  w r i t t e n  f o r  
e l e c t r i c a l  equipment or  
sy s tem s ,  prime movers,  
machinery ,  and equipment in  
g e n e r a l .

These s t a n d a r d s  a r e  w r i t t e n  fo r  
s p e c i f i c  i n d u s t r i e s  on ly  and 
a r e  n o t  h o r i z o n t a l  s t a n d a r d s .  
They a r e  e s s e n t i a l l y  i d e n t i c a l  
to  and p a r a l l e l  t o  t he  29 CFR 
1910 n a t i o n a l  s t a n d a r d s .
The Michigan s t a n d a r d s  c l o s e l y  
p a r a l l e l  t he  recommended 
g u i d e l i n e s  e x cep t  they  do no t  
i n c lu d e  v e r i f i c a t i o n  p r i o r  t o  
s t a r t i n g  m a in tenan ce .
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to  p reven t  u n a u th o r i ze d  per sons  from r e e n e r g i z i n g  the  system; u s ing  warning 
t a g s  to  c a u t i o n  p e r so nn e l  t h a t  energy  has  been i s o l a t e d  and the  r ea so n  f o r  
i s o l a t i o n ;  v e r i f y i n g  t h a t  i s o l a t i o n  o f  energy  has  been e f f e c t i v e ;  v e r i f y i n g  
t h a t  p e r so nn e l  have c l e a r e d  the  a r e a  p r i o r  t o  r e e n e r g i z i n g  the  machine or  
system; documenting p ro ced u res ;  and e n s u r in g  t h a t  p e r so nn e l  who implement the  
c r i t e r i a  have been a d e q u a t e ly  t r a i n e d  t o  tho rough ly  u n d e r s t a n d  the  p ro ced u res .
The Michigan s t a n d a r d s  c l o s e l y  p a r a l l e l  the  recommended g u i d e l i n e s  excep t  
Michigan does no t  i n c lu d e  v e r i f i c a t i o n  t h a t  b lo c k i n g ,  i s o l a t i n g ,  and d i s s i p a 
t i n g  hazardous  energy  have been e f f e c t e d  b e f o r e  s t a r t i n g  m ain tenance .
I n t e r n a t i o n a l  S tandards
I n t e r n a t i o n a l  s t a n d a r d s  from Canada, Germany, and B r i t a i n  (summarized in  Table  
C-6) p a r a l l e l  p o r t i o n s  o f  the recommended c r i t e r i a .  The A l b e r t a ,  Canada,  
r e g u l a t i o n s  fo r  machinery and equipment s t a t e  t h a t  no maintenance  or  r e p a i r s  
s h a l l  be c a r r i e d  out  u n t i l  t h e  machinery  or  equipment has  been shu t  down and 
se c u red  a g a i n s t  a c c i d e n t a l  movement o r  the  power c o n t r o l  d ev ice s  have been 
locked  out  in  an i n o p e r a t i v e  mode by the i n s t a l l a t i o n  o f  lockou t  d ev ice s  and 
warning  t a g s .  D i s s i p a t i o n  o f  s t o r e d  energy ,  v e r i f i c a t i o n  t h a t  i s o l a t i o n  and 
d i s s i p a t i o n  have been e f f e c t e d  p r i o r  to  s t a r t i n g  m a in tenance ,  and v e r i f i c a t i o n  
t h a t  upon com ple t ion  o f  m a in tenance ,  p e r so nn e l  a re  c l e a r  o f  t he  danger p o i n t s  
b e f o r e  the  machine or  equipment i s  r e e n e r g i z e d  a r e  a l s o  inc lud ed  as r e q u i r e 
ments.
The German s p e c i f i c a t i o n s  fo r  s e t u p ,  t r o u b l e s h o o t i n g ,  and main tenance  o f  
power-dr iven  equipment s t a t e  t h a t  t h e se  t a s k s  must  on ly  be performed when:
(1) The hazardous  movements a re  brought  to  a h a l t ;  (2)  the  i n i t i a t i o n  o f  h az 
a rdous  movements as a consequence o f  s t o r e d  power or  energy  i s  p reven ted ;  and
(3) u n a u th o r i z e d ,  e r ro n eo u s ,  o r  unexpected  i n i t i a t i o n  o f  hazardous  movements 
i s  avoided  by some adeq ua te  means.
The B r i t i s h  Code o f  P r a c t i c e  f o r  Safeguard ing  o f  Machinery s t a t e s  t h a t  e f f e c 
t i v e  c o n t r o l  o f  h az a rd s  d u r in g  maintenance  can be ach ieved  by hav ing  a w r i t t e n  
"pe rm i t  to  work" sys tem.  Such a system must c l e a r l y  i d e n t i f y  the  h az a rd s  and 
document the p r a c t i c e s  t o  be fo l low ed ,  p r e c a u t i o n s  to  be t a k e n ,  and r e s p o n s i 
b i l i t i e s  o f  t h e  workers  and o f  management. The code o f  p r a c t i c e  a l s o  c a l l s  
f o r  adequa te  t r a i n i n g  o f  workers  and s u p e r v i s i o n  in  s a f e  systems o f  work and 
lock ou t  systems fo r  maintenance  o p e r a t i o n .
Consensus S tandards
The ANSI and NFPA s t a n d a r d s  (Table  C-7) e s t a b l i s h  r equ i rem en ts  and p rocedures  
f o r  l o c k o u t / t a g o u t  o f  energy  so u rces  f o r  s t a t i o n a r y  machines and equipment and 
f o r  e l e c t r i c a l  c i r c u i t s  and e l e c t r i c a l  equ ipment,  r e s p e c t i v e l y .  These s t a n 
dards  r e q u i r e  (1)  t h a t  energy  so u r c e s  be i s o l a t e d  or  b locked  f o r  m a in tenance ,
(2)  t h a t  s t o r e d  energy  be d i s s i p a t e d  p r i o r  to  beg inn ing  m a in tenance ,  (3)  t h a t  
p h y s i ca l  means or  d e v i c e s  be used to  s e c u re  the  energy  s o u r c e s ,  (4)  v e r i f i c a 
t i o n  t h a t  the  energy  so u r c e s  have been i s o l a t e d  p r i o r  to  s t a r t i n g  work,  (5)  
v e r i f i c a t i o n  t h a t  a l l  p e r so nn e l  a r e  c l e a r  o f  h az a rd s  b e f o r e  r e e n e r g i z i n g  the 
machines or  systems,  (6)  a s su ra nc e  t h a t  the  p rocedures  f o r  l o c k o u t / t a g o u t  have 
been documented,  and (7)  t h a t  p e r so nn e l  have been a d e q u a t e ly  t r a i n e d  t o  u nd e r 
s t a n d  and implement the  recommended g u i d e l i n e s .
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A p p l i c a b i l i t y  o f  the  ANSI s t a nd a rd  i s  l i m i t e d  to  unexpec ted  e n e r g i z a t i o n ,  
s t a r t u p ,  o r  r e l e a s e  o f  s t o r e d  energy o f  equipment or  p r o c e s s .  The NFPA 
s t a nd a rd  does not  have such a l i m i t a t i o n  bu t  cove rs  only  e l e c t r i c a l  ene rgy .  
The recommended g u i d e l i n e s  a r e  a p p l i c a b l e  f o r  a l l  phases o f  maintenance  and 
s e r v i c i n g .
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TABLE C -6

INTERNATIONAL STANDARDS

OCCUPATIONAL HEALTH AND SAFETY 
REGULATIONS, ALBERTA, CANADA [92]

ACCIDENT PREVENTION SPECIFICATION 
(DRAFT) "POWER-DRIVEN EQUIPMENT," 
GERMANY [46]

SAFEGUARDING OF MACHINERY, BSI 
CODE OF PRACTICE, BRITAIN [71]

IU!u>I

These r e g u l a t i o n s  c o n t a i n  both  
h o r i z o n t a l  and v e r t i c a l  s t a n d a rd s  
f o r  s p e c i f i c  equipment and a 
l im i t e d  number o f  s p e c i f i c  
i n d u s t r i e s .
This r e g u l a t i o n  p a r a l l e l s  the  
recommended g u i d e l i n e s . *
*"When machinery  o r  equipment i s  
sh u t  down f o r  maintenance  or  
r e p a i r s ,  no work s h a l l  be c a r r i e d  
out  u n t i l  a l l  p a r t s ,  e x t e n s io n s  
and a t t a chm en ts  t h e r e t o  have been 
secured  a g a i n s t  a c c i d e n t a l  move
ment o£  the  power c o n t r o l  d e v ic e s  
have been locked  out  i n  an 
i n o p e r a t i v e  p o s i t i o n  wi th  a 
supp lementa l  t a g  which d e s c r ib e s  
the  work t o  be performed and the  
name o f  t h e  worker r e s p o n s i b l e  
f o r  the  i n s t a l l a t i o n  o f  the  
lockou t  d e v i c e . "

This s p e c i f i c a t i o n  p a r a l l e l s  c e r t a i n  
s e c t i o n s  o f  the  recommended gu id e 
l i n e s .  *
*"Se tup ,  t r o u b l e s h o o t i n g  o r  m a in te 
nance t a s k s  must be performed only  
i n  the  a r e a  p rov ided  f o r  t h i s  
purpose  when u n a u th o r i z e d ,  e r ro n eo u s ,  
o r  unexpected  i n i t i a t i o n  o f  h a z a r d 
ous movements i s  a v o i d e d . "  The 
s p e c i f i c a t i o n  does no t  d e s c r i b e  how 
hazardous  movements s h a l l  be avo ided .

This s t a nd a rd  s t a t e s  t h a t  m a in te 
nance haza rd s  can be e f f e c t i v e l y  
c o n t r o l l e d  by documenting a 
"permi t  to  work" system i d e n t i 
fy ing  haza rd s  and p r e c a u t i o n s  to  
be t a k e n ,  d e f i n i n g  p r a c t i c e s  to  be 
fo l lowed and d e f i n i n g  worker and 
management r e s p o n s i b i l i t i e s  f o r  
ma in tenance .  Adequate t r a i n i n g  of  
workers  and s u p e r v i s i o n  in  the  
a p p l i c a t i o n  o f  s a f e  work p r a c t i c e s  
d u r in g  maintenance  i s  a l s o  a 
r e q u i r e m e n t .



TABLE C-7

CONSENSUS STANDARDS

ANSI Z244.1-1982 SAFETY STANDARD FOR NFPA 70E PART I I  LOCKOUT SAFETY
THE LOCKOUT/TAGOUT OF ENERGY SOURCES RELATED WORK PRACTICES
[5] [54]
This s t a n d a r d  p a r a l l e l s  t he  recommended 
g u i d e l i n e s .
This s t a n d a r d  a l lows  t h a t  e i t h e r  lockout  
d ev ice s  s h a l l  be a t t a c h e d  t o  h o ld  the  
energy  i s o l a t i n g  d ev ice s  i n  a s a f e  
p o s i t i o n  or  t a g o u t  d e v ic e s  s h a l l  be 
a t t a c h e d  t o  f o r b i d  the  o p e r a t i o n  o f  the 
energy  i s o l a t i n g  d e v i c e s .

These s a f e t y  r e l a t e d  work p ra c 
t i c e s  cover p ro ced u res  fo r  employ
ees  who work w i th  e l e c t r i c  c i r 
c u i t s  and equ ipment .  These p ro 
cedures  a r e  e s s e n t i a l l y  i d e n t i c a l  
t o  the  recommended g u i d e l i n e s .

This s t a n d a rd  a l low s  the  use  o f  
t a g s  on ly  when i t  i s  n o t  f e a s i b l e  
t o  app ly  locks  t o  e f f e c t  l o c k o u t .  
Where c i r c u i t s  or  equipment a r e  
d ee n e rg iz e d  f o r  minor  m a in tenance ,  
s e r v i c i n g ,  a d j u s t i n g ,  e t c . ,  the  
work s h a l l  be p e r m i t t e d  to  be 
performed w i th o u t  the  placement o f  
locks  or  t a g s  on the  d i s c o n n e c t i n g  
d e v i c e .
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X. APPENDIX D

EXISTING OSHA STANDARDS RELATED TO LOCKOUT, TAGOUT, 
OR THE CONTROL OF ENERGY DURING MAINTENANCE

NOTE: THE INFORMATION IN THIS APPENDIX WAS ADAPTED FROM
INFORMATION SUPPLIED BY OSHA.
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Genera l  I n d u s t r y  Lockout Re la ted  
S tandard  P ro v i s io n s  

SPECIFICATIONS FOR ACCIDENT PREVENTIONSIGNS AND TAGS
No.
1 9 1 0 .1 4 5 ( f ) (1 )

STANDARD
( i )  The t ag s  a re  a temporary means of  warning a l l  con
ce rned  o f  a haza rdous  c o n d i t i o n ,  d e f e c t i v e  equ ipment,  
r a d i a t i o n  h a z a r d s ,  e t c .  The tags  a r e  not  t o  be con
s i d e r e d  as a comple te warning  method,  bu t  should  be 
used  u n t i l  a p o s i t i v e  means can be employed to  e l i m i 
n a t e  the  h a z a rd ;  f o r  example,  a "Do n o t  S t a r t "  t a g  on 
power equipment s h a l l  be used fo r  a few moments o r  a 
v e ry  s h o r t  t ime u n t i l  t h e  sw i tch  in  t he  system can be 
locked  ou t ;  a "D e fe c t ive  Equipment" t ag  s h a l l  be p laced  
on a damaged l a d d e r  and immediate ar rangements  made f o r  
t he  l a d d e r  to  be t ak e n  out  o f  s e r v i c e  and s e n t  to  the  
r e p a i r  shop.

1 9 1 0 .1 4 5 ( f ) (3 ) ( i i i )  Do Not S t a r t  t ag s  s h a l l  be p laced  in  a c on sp ic u 
ous l o c a t i o n  or  s h a l l  be p laced  in  such a manner t h a t  
th e y  e f f e c t i v e l y  b lock  the  s t a r t i n g  mechanism which 
would cause  hazardous  c o n d i t i o n s  should  the  equipment 
be e n e r g i z e d .

1 9 1 0 .1 4 5 ( f ) (4 ) ( i )  Danger t ag s  should be used on ly  where an immediate 
h az a rd  e x i s t s .  There shou ld  be no v a r i a t i o n  in  the  
type  o f  d es ig n  o f  t a g s  p os ted  or  hung to  warn of  spe
c i f i c  d an g e r s .

1 9 1 0 .1 4 5 ( f ) (5 )

1910 .145( f )

( i )  Caut ion  t ag s  should  be used on ly  t o  warn a g a i n s t  
p o t e n t i a l  haza rd s  o r  t o  c a u t i o n  a g a i n s t  unsa fe  
p r a c t i c e s .
(6) Out o f  o rd e r  t a g s .  Out o f  Order t ag s  should  be 
used on ly  fo r  the  s p e c i f i c  purpose  of  i n d i c a t i n g  t h a t  a 
p i e c e  o f  equipment,  mach inery ,  e t c . ,  i s  out  o f  o rd e r  
and t o  a t t e m p t  t o  u se  i t  might  p re s e n t  a h a z a r d .

POWERED INDUSTRIAL TRUCKS
1910.178(q) (4) Trucks in  need o f  r e p a i r s  to  the  e l e c t r i c a l  system 

s h a l l  have the  b a t t e r y  d i s c o n n e c te d  p r i o r  t o  such 
r e p a i r s .

OVERHEAD AND GANTRY CRANES
1 91 0 .179(g ) (5 )  ( i )  The power supply  to  t he  runway conduc tor s  s h a l l  be

c o n t r o l l e d  by a sw i tch  or  c i r c u i t  b r e a k e r  l o c a t e d  on a 
f i x e d  s t r u c t u r e ,  a c c e s s i b l e  from the  f l o o r ,  and 
a r ran ged  t o  be locked  i n  the  open p o s i t i o n .
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1910 .179(1X2)

DERRICKS

1910.1 8 1 ( f ) ( 2 ) ( i )

WOODWORKING MACHINERY 
1910.213(a)

1910.213(b)

1910.213(b)

( i i )  On cab -o p e ra te d  c ranes  a switch  or  c i r c u i t  b r e a k e r  
o f  the  enc lo sed  ty p e ,  w i th  p ro v i s i o n  f o r  loc k in g  in  the  
open p o s i t i o n ,  s h a l l  be p rov ided  in  the  leads from the  
runway con d u c to r s .  A means o f  opening t h i s  sw i tch  or  
c i r c u i t  b r e a k e r  s h a l l  be lo c a te d  w i t h i n  easy reach o f  
t he  o p e r a t o r .
( i i i )  On f l o o r - o p e r a t e d  c r a n e s ,  a switch  or  c i r c u i t  
b r e a k e r  o f  the  enc lo sed  ty p e ,  w i th  p ro v i s i o n  fo r  l o c k 
ing in  the  open p o s i t i o n ,  s h a l l  be provided  i n  the  
l ead s  from runway c o n d u c t o r s .  This d i s c o n n e c t  s h a l l  be 
mounted on the  b r i d g e  or  foo twalk  n ea r  the  runway c o l 
l e c t o r s .  One o f  the  fo l lo w in g  types  o f  f l o o r - o p e r a t e d  
d i s c o n n e c t s  s h a l l  be provided :
( i )  Before ad ju s tm en ts  and r e p a i r s  a r e  s t a r t e d  on a 
c rane  the  fo l low ing  p r e c a u t i o n s  s h a l l  be taken:
(b)  All  c o n t r o l l e r s  s h a l l  be a t  t he  o f f  p o s i t i o n .
(c )  The main o r  emergency switch  s h a l l  be open and 
locked  in  the  open p o s i t i o n .
(d) Warning or "ou t  o f  o r d e r "  s ig n s  s h a l l  be p laced  on 
the  c rane ,  a l s o  on the  f l o o r  b enea th  or  on the  hook 
where v i s i b l e  from the  f l o o r .

(c )  The main or  emergency switch  s h a l l  be locked i n  the  
open p o s i t i o n ,  i f  an e l e c t r i c  h o i s t  i s  u sed .
(d) Warning o r  out  o f  o rd e r  s ign s  s h a l l  be p laced  on 
the  d e r r i c k  and h o i s t .

REQUIREMENTS
(10) I t  i s  recommended t h a t  each power-dr iven  wood 
working machine be p rovided  w i th  a d i s c o n n e c t  sw i tch  
t h a t  can be locked i n  the  o f f  p o s i t i o n .
(3)  On a p p l i c a t i o n s  where i n j u r y  to  the  o p e r a t o r  might  
r e s u l t  i f  motors were to  r e s t a r t  a f t e r  power f a i l u r e s ,  
p ro v i s i o n  s h a l l  be made to  p reven t  machines from a u t o 
m a t i c a l l y  r e s t a r t i n g  upon r e s t o r a t i o n  o f  power.
(5)  On each machine o p e ra t e d  by e l e c t r i c  m o to r s ,  p o s i 
t i v e  means s h a l l  be p rov ided  fo r  r e n d e r in g  such con
t r o l s  o r  dev ice s  i n o p e r a t i v e  whi le  r e p a i r s  or  a d j u s t 
ments a re  being  made to  the  machines they  c o n t r o l .
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MECHANICAL POWER PRESSES
1910 .217(b) (8 )

1910 .217(d)(9)

FORGING MACHINES 
1910 .218(a ) (3 )

1910.218(d)

1 9 1 0 .2 1 8 ( e ) (1)

1910 .218( f )

1 9 1 0 .2 1 8 ( f )

( i )  A main power d i s c o n n e c t  switch  capab le  o f  being  
locked  on ly  in the  Off p o s i t i o n  s h a l l  be provided w i th  
every  power p re s s  c o n t r o l  system.
( i v )  The employer s h a l l  p rovide  and e n f o rc e  the use  o f  
s a f e t y  b lo c ks  fo r  use whenever d i e s  a re  being a d j u s t e d  
o r  r e p a i r e d  i n  the  p r e s s .

( i i i )  Means s h a l l  be p rov ided  fo r  d i s c o n n e c t i n g  the  
power to  the  machine and fo r  loc k in g  ou t  o r  r e n d e r in g  
c y c l i n g  c o n t r o l s  i n o p e r a b l e .
( i v )  The ram s h a l l  be b locked  when d i e s  a re  be in g  
changed o r  o th e r  work i s  be ing  done on the  hammer. 
Blocks or  wedges s h a l l  be made o f  m a t e r i a l  the  s t r e n g t h  
and c o n s t r u c t i o n  o f  which should  meet o r  exceed the  
s p e c i f i c a t i o n s  and d imensions shown in  Table 0-11.
(2) S h u to f f  v a lv e .  Steam hammers s h a l l  be p rov ided  
w i th  a quick  c l o s i n g  emergency v a lv e  i n  the  adm iss ion  
p ipe  l i n e  a t  a conven ien t  l o c a t i o n .  This va lve  s h a l l  
be c lo se d  and locked  in  the  o f f  p o s i t i o n  w hi le  the  
hammer i s  be ing  a d j u s t e d ,  r e p a i r e d ,  o r  s e r v i c e d ,  o r  
when the  d i e s  a re  be ing  changed.
( i i )  A i r - l i f t  hammers s h a l l  have an a i r  s h u t o f f  v a lv e  
as r e q u i r e d  in pa ragraph  ( d ) ( 2 )  o f  t h i s  s e c t i o n  and 
shou ld  be c on v e n ie n t ly  l o c a t e d  and d i s t i n c t l y  marked 
f o r  e a se  o f  i d e n t i f i c a t i o n .
( i i i )  A i r - l i f t  hammers s h a l l  be p rovided  wi th  two d r a i n  
cocks :  one on main head c y l i n d e r ,  and one on clamp 
c y l i n d e r .
(1) Mechanical  fo rg ing  p r e s s e s .  When d i e s  a re  be ing
changed o r  maintenance  i s  be ing  per formed on the p r e s s ,
t he  fo l low ing  s h a l l  be accomplished:
(1) The power to  the  p re s s  s h a l l  be locked  o u t .
( i i )  The f lywheel  s h a l l  be a t  r e s t .
( i i i )  The ram s h a l l  be b locked  w i th  a m a t e r i a l  the  
s t r e n g t h  o f  which s h a l l  meet o r  exceed the  s p e c i f i c a 
t i o n s  or  dimensions shown in  Table 0-11.
(2) H ydrau l ic  fo rg ing  p r e s s e s .  When d i e s  a re  be ing
changed or main tenance  i s  be ing  performed on the p r e s s ,
t h e  fo l lo w in g  s h a l l  be accom pl i shed .
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1910.218(g)

1910.218(h)

1910 .218U )

1910 .218( j )

WELDING, CUTTING, 
1 9 1 0 .2 5 2 ( c ) (1)

1 9 1 0 .2 5 2 ( c ) (2)

( i )  The h y d r a u l i c  pumps and power a p p a ra tu s  s h a l l  be 
locked  o u t .
( i i )  The ram s h a l l  be b locked  with  a m a t e r i a l  the
s t r e n g t h  o f  which s h a l l  meet o r  exceed the  s p e c i f i c a 
t i o n s  or  d imensions shown in  Table  0 -11 .
(1)  Hot trimming p r e s s e s .  The r eq u i rem en ts  o f  p a r a 
graph ( f ) ( 1 )  o f  t h i s  s e c t i o n  s h a l l  a l s o  app ly  to  ho t
trimming p r e s s e s .
(2)  Lockout .  U p s e t t e r s  s h a l l  be p rov ided  with  a means
f o r  lock in g  out  the power a t  i t s  e n t r y  p o i n t  to  the
machine and r e n d e r in g  i t s  c y c l in g  c o n t r o l s  i n o p e r a b l e .
(5)  Changing d i e s .  When d i e s  a r e  be ing  changed,  main
t enance  perfo rm ed,  or  any work done on the  machine,  t he  
power t o  the  u p s e t t e r  s h a l l  be locked  o u t ,  and the  f l y 
wheel  s h a l l  be a t  r e s t .
(1) B o l th e a d in g .  The p r o v i s i o n s  o f  paragraph  (h)  o f  
t h i s  s e c t i o n  s h a l l  app ly  t o  b o l t h e a d i n g .
(2)  R ive t  making.  The p r o v i s i o n s  o f  paragraph  (h)  o f  
t h i s  s e c t i o n  s h a l l  app ly  t o  r i v e t  making.
(1) B i l l e t  s h e a r s .  A p o s i t i v e - t y p e  lockou t  dev ice  fo r  
d i s c o n n e c t i n g  the  power t o  the  s h e a r  s h a l l  be p rov ided .

AND BRAZING

( i )  I n s t a l l a t i o n .  A l l  equipment s h a l l  be i n s t a l l e d  by 
a q u a l i f i e d  e l e c t r i c i a n  in  conformance w i th  s u b p a r t  S 
o f  t h i s  p a r t .  There s h a l l  be a s a f e t y - t y p e  d i s c o n n e c t 
ing  sw i tch  o r  a c i r c u i t  b r e a k e r  or  c i r c u i t  i n t e r r u p t e r  
t o  open each power c i r c u i t  to the  machine,  c o n v e n i e n t ly  
l o c a t e d  a t  o r  n e a r  the  machine,  so t h a t  the  power can 
be sh u t  o f f  when the  machine or  i t s  c o n t r o l s  a re  to  be 
s e r v i c e d .
( i i )  C a p a c i t o r  w e ld ing .  S to red  energy  o r  c a p a c i t o r  
d i s c h a r g e  type  o f  r e s i s t a n c e  w eld ing  equipment and 
c o n t r o l  pane ls  i n v o lv ing  h igh  v o l t a g e  (over  550 v o l t s )  
s h a l l  be s u i t a b l y  i n s u l a t e d  and p r o t e c t e d  by complete 
e n c l o s u r e s ,  a l l  doors  o f  which s h a l l  be provided  w i th  
s u i t a b l e  i n t e r l o c k s  and c o n t a c t s  wired  i n t o  the  c o n t r o l  
c i r c u i t  ( s i m i l a r  to  e l e v a t o r  i n t e r l o c k s ) .  Such i n t e r 
locks  or  c o n t a c t s  s h a l l  be so des igned  as to  e f f e c t i v e 
l y  i n t e r r u p t  power and s h o r t  c i r c u i t  a l l  c a p a c i t o r s  
when the  door or  panel  i s  open.  A manual ly  o p e ra t e d  
sw itch  or  s u i t a b l e  p o s i t i v e  dev ice  s h a l l  be i n s t a l l e d ,  
i n  a d d i t i o n  to  the  mechan ica l  i n t e r l o c k s  or  c o n t a c t s ,  
as  an added s a f e t y  measure a s s u r i n g  a b s o l u t e  d i s c h a rg e  
o f  a l l  c a p a c i t o r s .
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PULP, PAPER AND PAPERBOARD MILLS
1910.261(b)  (4)  Lockouts.  Devices such as pad locks  s h a l l  be p ro 

v id ed  f o r  loc k in g  ou t  t he  sou rce  o f  power a t  the  main 
d i s c o n n e c t  s w i t c h .  Before any m a in tenance ,  i n s p e c t i o n ,  
c l e a n i n g ,  a d j u s t i n g ,  o r  s e r v i c i n g  o f  equipment ( e l e c 
t r i c a l ,  m echan ica l ,  o r  o t h e r )  t h a t  r e q u i r e s  e n t r a n c e  
i n t o  or  c l o s e  c o n t a c t  w i th  the  machinery  or  equipment,  
t he  main power d i s c o n n e c t  switch  o r  v a l v e ,  o r  b o th ,  
c o n t r o l l i n g  i t s  source  o f  power o r  f low o f  m a t e r i a l ,  
s h a l l  be locked  out  o r  b locked  o f f  w i th  pad lock ,  b lank  
f l a n g e ,  o r  s i m i l a r  d e v i c e .
(5)  V esse l  e n t e r i n g .  L i f e l i n e s  and s a f e t y  h a r n e s s  
s h a l l  be worn by anyone e n t e r i n g  c lo se d  v e s s e l s ,  t a n k s ,  
s h ip  b i n s ,  and s i m i l a r  equ ipment ,  and a per son  s h a l l  be 
s t a t i o n e d  o u t s i d e  in  a p o s i t i o n  t o  h an d le  the  l i n e  and 
to  summon a s s i s t a n c e  in  ca se  o f  emergency.  The a i r  in  
the  v e s s e l s  s h a l l  be t e s t e d  fo r  oxygen d e f i c i e n c y  and
the  p resence  o f  both  t o x i c  and e x p lo s iv e  gases  and 
v a p o r s ,  b e f o r e  e n t r y  i n t o  c lo s e d  v e s s e l s ,  t a n k s ,  e t c . ,  
i s  p e r m i t t e d .  S e l f - c o n t a i n e d  a i r -  o r  oxygen-supply  
masks s h a l l  be r e a d i l y  a v a i l a b l e  in  ca se  o f  emergency.  
Work s h a l l  no t  be done on equipment under c o n d i t i o n s  
where an i n j u r y  would r e s u l t  i f  a va lve  were unexpec t 
e d ly  opened or c lo se d  u n l e s s  t he  v a lv e  has been locked  
in  a s a f e  p o s i t i o n .

1910 .261(e)  (2) S l a s h e r  t a b l e s .  Saws s h a l l  be s topped  and power
sw i tches  s h a l l  be locked  ou t  and tagged  whenever i t  i s  
nec e s sa ry  fo r  any per son  to  be on the  s l a s h e r  t a b l e .
(10) S to ps .  A ll  c o n t r o l  d ev ice s  s h a l l  be locked  out
and tagged  when k n ives  a r e  be ing  changed.

19 1 0 .2 6 1 ( e ) (12) ( i i i )  Whenever i t  becomes n e c e s s a r y  fo r  a workman to  go
w i t h i n  a drum, the  d r i v i n g  mechanism s h a l l  be locked 
and t ag g ed ,  a t  the main d i s c o n n e c t  s w i t c h ,  in  a c c o r 
dance with  paragraph ( b ) ( 4 )  o f  t h i s  s e c t i o n .

1910.261(e)  (13) I n t e r m i t t e n t  b a r k in g  drums.  In a d d i t i o n  to  motor
sw i tch ,  c l u t c h ,  b e l t  s h i f t e r ,  o r  o th e r  power d i s c o n 
n e c t i n g  d e v i c e ,  i n t e r m i t t e n t  b a r k in g  drums s h a l l  be 
equipped with  a dev ice  which may be locked  to  p reven t  
the  drum from moving w h i le  i t  i s  be ing  emptied or  
f i l l e d .

1 9 1 0 .2 6 1 ( f ) (6 )  ( i )  When c l e a n i n g ,  i n s p e c t i o n ,  o r  o th e r  work r e q u i r e s
t h a t  per sons  e n t e r  rag  c o o k e r s ,  a l l  s team and w a te r  
v a l v e s ,  o r  o th e r  c o n t r o l  d e v i c e s ,  s h a l l  be locked  and 
tagged  in  the  c lo se d  o r  " o f f "  p o s i t i o n .  Blank f l a n g i n g  
o f  p i p e l i n e s  i s  a c c e p ta b le  i n  p lace  o f  c lo s e d  and 
locked  v a l v e s .
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1 9 1 0 .2 6 1 ( g ) ( 4 )

1910 .2 6 1 (g ) (15)

1910.261( g ) (16)

1 91 0 .2 6 1 ( g ) (19)

( i i )  A man s h a l l  be s t a t i o n e d  o u t s i d e  to  summon a s s i s 
t an c e  i f  n e c e s s a r y .  All  i n t a k e  v a lv e s  to  a t ank  s h a l l  
be b lanked  o f f  o r  d i s c o n n e c te d .
( i )  Valves c o n t r o l l i n g  l i n e s  l e a d in g  i n t o  a d i g e s t e r  
s h a l l  be locked out  and t ag g ed .  The keys to t he  locks  
s h a l l  be in  the  p o s s e s s io n  o f  a person  or per sons  doing 
the  i n s p e c t i n g  or  making r e p a i r s .
( i )  Safe ty  r e g u l a t i o n s  govern ing  i n s p e c t i o n  and
r e p a i r i n g  o f  p r e s s u r e  t a n k s -a c c u m u la to r s  ( a c id )  s h a l l  
be the  same as those  s p e c i f i e d  in  subparagraph  (15) o f  
t h i s  p a r a g ra p h .
( i i i )  When blow l i n e s  from more than  one d i g e s t e r  lead  
i n t o  one p ip e ,  the cock or v a lv e  o f  the  blow l i n e  from 
the  t ank  being  in s p e c te d  or  r e p a i r e d  s h a l l  be locked  or 
t agged  o u t ,  o r  the  l i n e  s h a l l  be d i s c o n n e c te d  and 
b locked  o f f .

1910.261( g )(21)

1910.261( j ) (1)

1910.261(j ) ( 4 )

1910 .261( j )  (6)

1 9 1 0 .2 6 1 ( j ) (5)

1 9 1 0 .2 6 1 ( k )  (2 )

In s p e c t i o n  and r e p a i r  o f  t a n k s .  A l l  p ip ing  l e a d in g  to  
tanks  s h a l l  be b lanked  o f f  o r  v a lv ed  and locked  or 
t ag g ed .  Any l i n e s  to sewers s h a l l  be b lanked  o f f  to  
p r o t e c t  workers from a i r  con tam in a n t s .
( i i i )  Repa i r s  fo r  c l e a n in g  o f  b lockage  s h a l l  be done 
only  when the  s h re d d e r  i s  shutdown and c o n t r o l  d ev ice s  
l o c k e d .
( i i i )  When c l e a n i n g ,  i n s p e c t i n g ,  o r  o th e r  work 
r e q u i r e s  t h a t  per sons  e n t e r  the  b e a t e r s ,  a l l  c o n t r o l  
d ev ice s  s h a l l  be locked or tagged o u t ,  in  accordance  
w i th  paragraph  ( b ) ( 4 )  o f  t h i s  s e c t i o n .
( i )  A ll  c o n t r o l  d ev ice s  s h a l l  be locked  or tagged out  
when persons  e n t e r  s t o c k  c h e s t s ,  in  accordance  wi th  
paragraph  ( b ) ( 4 )  o f  t h i s  s e c t i o n .
( i i i )  When c l e a n i n g ,  i n s p e c t i n g ,  o r  o th e r  work r e q u i r e s  
t h a t  persons  e n t e r  p u l p e r s ,  a l l  s team, w a te r ,  o r  o th e r  
c o n t r o l  d ev ice s  s h a l l  be locked  or t agged  o u t .  Blank 
f l a n g in g  and t ag g in g  o f  p ipe  l i n e s  a r e  a c c e p ta b le  in  
p la c e  o f  c lo s e d  and locked o r  t agged  v a l v e s .  Blank 
f l a n g in g  o f  s team and w ate r  l i n e s  s h a l l  be a c c e p ta b le  
i n  p l a c e  o f  v a lv e  l o c k s .
( i i )  All  d r i v e s  s h a l l  be p rov ided  with  lockou t  d ev ice s  
a t  the  power sw i tch  which i n t e r r u p t s  t he  f low o f  c u r 
r e n t  t o  the  u n i t .
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T e x t i l e s
1910.262(c)

1910.262(n)

1 910 .262 (p )

1910.262(q)

BAKERY EQUIPMENT 
1 9 1 0 .2 6 3 ( k ) (12)

1 9 1 0 .2 6 3 ( 1 ) ( 3 ) ( i i i )  

1910 .263(1 ) (8 )

(1) Means o f  s top p in g  machines .  Every t e x t i l e  machine 
s h a l l  be provided  w i th  i n d i v i d u a l  mechan ica l  o r  e l e c 
t r i c a l  means fo r  s top p in g  such machines .  On machines 
d r i v e n  by b e l t s  and s h a f t i n g ,  a l o c k i n g - t y p e  s h i f t e r  or  
an e q u i v a l e n t  p o s i t i v e  dev ice  s h a l l  be u s e d .  On o p e ra 
t i o n s  where i n j u r y  t o  the  o p e r a t o r  might  r e s u l t  i f  
motors were to  r e s t a r t  a f t e r  f a i l u r e s ,  p r o v i s i o n  s h a l l  
be made to  p reven t  machines from a u t o m a t i c a l l y  r e s t a r t 
ing  upon r e s t o r a t i o n  o f  power.
(2)  P r o t e c t i o n  fo r  loom f i x e r .  P ro v i s i o n s  s h a l l  be 
made so t h a t  every loom f i x e r  can p re v e n t  the  loom from 
b e in g  s t a r t e d  w h i le  he i s  a t  work on the  loom. This 
may be accomplished by means o f  a l oc k ,  t he  key to  
which i s  r e t a i n e d  in  the  p o s s e s s io n  o f  the  loom f i x e r ,  
o r  by some o th e r  e f f e c t i v e  means to  p reven t  s t a r t i n g  
the  loom.
(1) J -box  p r o t e c t i o n .  Each v a lv e  c o n t r o l l i n g  the  flow 
o f  s team ,  i n j u r i o u s  g a s e s ,  o r  l i q u i d s  i n t o  a J -box  
s h a l l  be equipped with  a c h a in ,  lock ,  and key ,  so t h a t
any worker who e n t e r s  t he  J -bo x  can lock the  v a lv e  and
r e t a i n  the  key i n  h i s  p o s s e s s io n .  Any o th e r  method
which w i l l  p reven t  s t eam,  i n j u r i o u s  g a s e s ,  o r  l i q u i d s
from e n t e r i n g  the  J -box  w h i le  t he  worker i s  in i t  w i l l  
be a c c e p t a b l e .
(2) Kier  va lve  p r o t e c t i o n .  Each v a lv e  c o n t r o l l i n g  the  
f low o f  st eam,  i n j u r i o u s  g a s e s ,  or  l i q u i d s  i n t o  a k i e r
s h a l l  be equipped with  a c h a in ,  lock ,  and key ,  so t h a t
any worker who e n t e r s  the  k i e r  can lock  the  v a lv e  and 
r e t a i n  the  key in  h i s  p o s s e s s i o n .  Any o t h e r  method
which w i l l  p reven t  s t eam,  i n j u r i o u s  g a s e s ,  o r  l i q u i d s
from e n t e r i n g  the  k i e r  w h i le  the  worker i s  in  i t  w i l l  
be a c c e p t a b l e .

( i )  Where pan c o o l in g  towers  extend  t o  two o r  more 
f l o o r s ,  a lockou t  sw i tch  s h a l l  be p rovided  on each 
f l o o r  in  o rd e r  t h a t  mechanics working on the  tower may 
p o s i t i v e l y  lock  the  mechanism a g a i n s t  s t a r t i n g .  Only 
one s t a r t  switch  s h a l l  be used i n  the  motor c o n t r o l  
c i r c u i t .
(b)  Main s h u t o f f  v a lv e s  s h a l l  be locked  in  the  c lo se d  
p o s i t i o n  when men must e n t e r  t h e  oven or when the  oven 
i s  n o t  i n  s e r v i c e .
( i i i )  A main d i s c o n n e c t  switch  or c i r c u i t  b r e a k e r  s h a l l  
be p rov ided .  This sw i tch  or  c i r c u i t  b r e a k e r  s h a l l  be 
so l o c a t e d  t h a t  i t  can be reached  q u i c k ly  and s a f e l y .
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The main switch  o r  c i r c u i t  b re a k e r  s h a l l  have p r o v i 
s i o n s  f o r  l o c k in g  i t  in  the  open p o s i t i o n  i f  any work 
on the  e l e c t r i c a l  equipment or  i n s i d e  the  oven must be 
perfo rm ed.

SAWMILLS
1 9 1 0 .2 6 5 ( c ) (12) (v) Open sw i t c h e s .  Before working on e l e c t r i c a l  equ ip 

ment,  sw i tches  s h a l l  be open and s h a l l  be t agged ,  
b lo c k e d ,  or  locked  o u t .

1910.265(c)  (13) H ydrau l ic  sys tem s.  Means s h a l l  be p rov ided  to
b lo c k ,  c h a in ,  o r  o th e rw i s e  s e c u re  equipment normal ly  
s u ppo r ted  by h y d r a u l i c  p r e s s u r e  so as to  p ro v ide  fo r  
s a f e  m a in tenance .

1 9 1 0 .2 6 5 ( c ) (26) ( i i i )  Blocking h o i s t i n g  p l a t f o r m .  Means s h a l l  be p ro 
v ided  to  p o s i t i v e l y  b lo ck  the  h o i s t i n g  p l a t f o r m  when 
employees must go benea th  the  s t a c k e r  o r  u n s t a c k e r  
h o i s t .
(v)  Locking main c o n t r o l  s w i t c h e s .  Main c o n t r o l  
sw i tches  s h a l l  be so des igned  t h a t  they  can be locked  
i n  the  open p o s i t i o n .

1 91 0 .2 6 5 (e ) (1 )  ( i v )  C a r r i a g e  c o n t r o l .  A p o s i t i v e  means s h a l l  be p ro 
v id ed  to  p reven t  un in tended  movement o f  the  c a r r i a g e .  
This may inv o lv e  a c o n t r o l  lock ing  d e v i c e ,  a c a r r i a g e  
t i e -d o w n ,  or  b o th .

1910.268(1)  (2) Before the  v o l t a g e  i s  a p p l i e d ,  c a b l e  conduc to r s
s h a l l  be i s o l a t e d  to  t he  e x t e n t  p r a c t i c a b l e .  Employees 
s h a l l  be warned,  by such t ec h n iq u e s  as b r i e f i n g  and 
t a g g in g  a t  a l l  a f f e c t e d  l o c a t i o n s ,  to  s t a y  c l e a r  w h i le  
t h e  v o l t a g e  i s  a p p l i e d .

1910.268(m)(7) ( i )  Pr i o r  t o  grounding a r a d i o  t r a n s m i t t i n g  s t a t i o n
a n t e n n a ,  the  employer s h a l l  i n s u r e  t h a t  the  r i g g e r  in  
charge :  (A) P repa re s  a danger t ag  s igned  with  h i s
s i g n a t u r e ,  (B) Requests the  t r a n s m i t t i n g  t e c h n i c i a n  to  
shutdown the  t r a n s m i t t e r  and t o  ground the  an tenn a  w i th  
i t s  grounding s w i t c h ,  (C.) I s  n o t i f i e d  by the  t r a n s m i t 
t i n g  t e c h n i c i a n  t h a t  the  t r a n s m i t t e r  has been shutdown, 
and (D) Tags the  an tenna  ground sw i tch  p e r s o n a l l y  in  
t he  p re sence  o f  the  t r a n s m i t t i n g  t e c h n i c i a n  a f t e r  the  
an tenna  has  been grounded by the  t r a n s m i t t i n g  
t e c h n i c i a n .

NATIONAL ELECTRICAL CODE
1910.309
NEC A r t i c l e  430-86(a )  430-86.  Motor Not in  Sight  from C o n t r o l l e r .  Where a

motor and the d r iven  machinery  a r e  not  i n  s i g h t  from 
t h e  c o n t r o l l e r  l o c a t i o n ,  t h e  i n s t a l l a t i o n  s h a l l  comply 
w i th  one o f  the  fo l lo w in g  c o n d i t i o n s :
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(a )  The c o n t r o l l e r  d i s c o n n e c t i n g  means i s  capab le  o f  
be in g  locked  i n  the  open p o s i t i o n .

GENERAL SAFETY AND HEALTH PROVISIONS

1926.20(b) (3) The use  o f  any mach inery ,  t o o l ,  m a t e r i a l  or  equ ip 
ment which i s  no t  in  compliance w i th  any a p p l i c a b l e  
req u i rem en t  o f  t h i s  p a r t  i s  p r o h i b i t e d .  Such machine,  
t o o l ,  m a t e r i a l ,  o r  equipment s h a l l  e i t h e r  be i d e n t i f i e d  
as unsa fe  by t agg ing  or lock ing  the  c o n t r o l s  to  r e n d e r  
them in o p e r a b l e  or  s h a l l  be p h y s i c a l l y  removed from i t s  
p l a c e  o f  o p e r a t i o n .

NONIONIZING RADIATION
1926.54 (e)  Beam s h u t t e r s  o r  caps s h a l l  be u t i l i z e d ,  o r  t he  

l a s e r  tu rned  o f f ,  when l a s e r  t r a n s m i s s i o n  i s  no t  
a c t u a l l y  r e q u i r e d .  When the  l a s e r  i s  l e f t  u n a t ten ded  
f o r  a s u b s t a n t i a l  p e r io d  o f  t im e ,  such as d u r in g  lunch 
hour ,  o v e r n i g h t ,  o r  a t  change o f  s h i f t s ,  t h e  l a s e r  
s h a l l  be tu r n e d  o f f .

FIRE PROTECTION AND PREVENTION
1926 .150(d) (1 ) ( i i )  During d em o l i t i o n  or  a l t e r a t i o n s ,  e x i s t i n g  a u to 

m a t ic  s p r i n k l e r  i n s t a l l a t i o n s  s h a l l  be r e t a i n e d  in  
s e r v i c e  as long as r e a s o n a b l e .  The o p e r a t i o n  o f  
s p r i n k l e r  c o n t r o l  v a l v e s  s h a l l  be p e r m i t t e d  on ly  by 
p r o p e r l y  a u t h o r i z e d  p e r so n s .  M o d i f i c a t i o n  o f  s p r i n k l e r  
systems to  permi t  a l t e r a t i o n s  or  a d d i t i o n a l  d e m o l i t i o n  
shou ld  be exp e d i t ed  so t h a t  the  a u tom a t ic  p r o t e c t i o n  
may be r e tu r n e d  to  s e r v i c e  as q u i c k ly  as p o s s i b l e .  
S p r i n k l e r  c o n t r o l  v a lv e s  s h a l l  be checked d a i l y  a t  
c l o s e  o f  work to  a s c e r t a i n  t h a t  the  p r o t e c t i o n  i s  in  
s e r v i c e .

1926.200(h)

1926.304

(1) Acciden t  p r e v e n t i o n  tags  s h a l l  be used as a 
temporary  means of  warning  employees o f  an e x i s t i n g  
h a z a r d ,  such as d e f e c t i v e  t o o l s ,  equ ipment ,  e t c .  They 
s h a l l  n o t  be used in  p la c e  o f ,  or  as a s u b s t i t u t e  f o r ,  
a c c i d e n t  p r e v e n t i o n  s i g n s .
(2)  S p e c i f i c a t i o n s  fo r  a c c i d e n t  p r e v e n t io n  t ag s  s i m i l a r  
t o  t h o s e  in  Table G-l  s h a l l  app ly .
(a )  All  f i x ed  power d r iv e n  woodworking t o o l s  s h a l l  be 
p rov ided  with  a d i s c o n n e c t  sw i tch  t h a t  can e i t h e r  be 
locked  or t agged  in  the  o f f  p o s i t i o n .

WELDING AND CUTTING 
1926.352 (g) For t he  e l i m i n a t i o n  o f  p o s s i b l e  f i r e  i n  enc losed  

spaces as a r e s u l t  o f  gas e sc ap in g  through  l e a k in g  or
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im prope r ly  c lo sed  to rch  v a l v e s ,  t he  gas supply  to  the
to r c h  s h a l l  be p o s i t i v e l y  sh u t  o f f  a t  some p o in t  o u t 
s i d e  the  enc losed  space  whenever the  to rch  i s  n o t  to  be 
used o r  whenever the t o r c h  i s  l e f t  u n a t ten ded  f o r  a
s u b s t a n t i a l  pe r iod  o f  t im e ,  such as d u r in g  the  lunch 
p e r i o d .  Overnight  and a t  the  change o f  s h i f t s ,  the  
to r c h  and hose s h a l l  be removed from the  con f in ed
sp ace .  Open end f u e l  gas and oxygen hoses  s h a l l  be
immedia te ly  removed from e nc losed  spaces  when they  a re  
d i s c o n n e c te d  from the  t o r c h  o r  o t h e r  gas-consuming 
d e v i c e .

ELECTRICAL-GENERAL REQUIREMENTS
1926.400(g) (1) Equipment o r  c i r c u i t s  t h a t  a re  d ee n e rg ized  s h a l l  be

re n de re d  i n o p e r a t i v e  and have t a g s  a t t a c h e d  a t  a l l
p o i n t s  where such equipment o r  c i r c u i t s  can be
e n e r g i z e d .
(2)  C o n t ro l s  t h a t  a r e  to  be d e a c t i v a t e d  dur ing  the  
c ou rs e  o f  work on e n e rg i z e d  or  d een e rg ized  equipment or  
c i r c u i t s  s h a l l  be tag g ed .
(3 )  Tags s h a l l  be p laced  to  i d e n t i f y  p l a i n l y  the  e q u ip 
ment o r  c i r c u i t s  be ing  worked on.

BASE-MOUNTED DRUM HOISTS
1 926 .553(a ) (3 )  ( i )  A d ev ice  to  d i s c o n n e c t  a l l  motors  from the  l i n e

upon power f a i l u r e  and not  pe rm i t  any motor t o  be 
r e s t a r t e d  u n t i l  the  c o n t r o l l e r  hand le  i s  brought  to  the  
" o f f "  p o s i t i o n .
( i i i )  A means whereby rem o te ly  o p e ra t ed  h o i s t s  s t o p  
when any c o n t r o l  i s  i n e f f e c t i v e .

CONVEYORS
1926.555(a)  (7)  Conveyors s h a l l  be locked  out  o r  o th e rw ise  ren de red

i n o p e r a b l e ,  and tagged  out  w i th  a "Do Not O pera te"  t ag  
d u r in g  r e p a i r s  and when o p e r a t i o n  i s  hazardous  to  
employees per fo rming  maintenance  work.

MOTOR VEHICLES, MECHANIZED EQUIPMENT, AND MARINE OPERATIONS
1926 .600(a ) (3 )  ( i )  Heavy machinery ,  equ ipment ,  or  p a r t s  t h e r e o f ,  which

are  suspended or h e ld  a l o f t  by use  o f  s l i n g s ,  h o i s t s ,  
o r  j a c k s  s h a l l  be s u b s t a n t i a l l y  b locked  or c r ibbed  to  
p re v e n t  f a l l i n g  o r  s h i f t i n g  b e f o r e  employees a re  
p e r m i t t e d  t o  work under or  between them. Bul ldozer  and 
s c r a p e r  b l a d e s ,  e n d - l o a d e r  b u c k e t s ,  dump b o d ie s ,  and 
s i m i l a r  equ ipment,  s h a l l  be e i t h e r  f u l l y  lowered or 
b locked  when be ing  r e p a i r e d  o r  when not  in  u s e .  A l l
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c o n t r o l s  s h a l l  be in  a n e u t r a l  p o s i t i o n ,  w i th  the  
motors s topped  and b ra ke s  s e t ,  u n l e s s  work be in g  
performed r e q u i r e s  o th e r w i s e .

1 926 .600(a ) (3 )  ( i i )  Whenever the equipment i s  p a rke d ,  the  pa rk ing
brake  s h a l l  be s e t .  Equipment parked  on i n c l i n e s  s h a l l  
have the  wheels  chocked and the  p a rk in g  b rake  s e t .

1926.601(b)  (10) Trucks wi th  dump b od ie s  s h a l l  be equ ipped wi th
p o s i t i v e  means o f  s u p p o r t ,  permanently  a t t a c h e d ,  and 
capab le  o f  be ing  locked  in  p o s i t i o n  to  p re v e n t  a c c id e n 
t a l  lower ing  o f  the  body w h i le  maintenance  or  i n s p e c 
t i o n  work i s  be ing  done.
(11) Opera t ing  l e v e r s  c o n t r o l l i n g  h o i s t i n g  o r  dumping 
d ev ice s  on hau lage  bod ies  s h a l l  be equipped w i th  a 
l a t c h  o r  o th e r  dev ice  which w i l l  p re v e n t  a c c i d e n t a l  
s t a r t i n g  o r  t r i p p i n g  o f  the  mechanism.

1926.603(a)  (5)  A b lo ck in g  d e v i c e ,  capab le  o f  s a f e l y  s u p p o r t in g  the
weight  of  the  hammer, s h a l l  be p rovided  fo r  placement 
i n  t he  l e a d s  under the  hammer a t  a l l  t im es  w h i le  
employees a r e  working  under  t h e  hammer.

INITIATION OF EXPLOSIVE CHARGES-ELECTRICAL BLASTING
1926.906 ( j )  In underground o p e r a t i o n s  when f i r i n g  from a power

c i r c u i t ,  a s a f e t y  switch  s h a l l  be p laced  in  the  perma
n en t  f i r i n g  l i n e  a t  i n t e r v a l s .  This sw i tch  s h a l l  be 
made so i t  can be locked  only  in t he  "Off" p o s i t i o n  and 
s h a l l  be p rovided  w i th  a s h o r t - c i r c u i t  a rrangement  o f  
t h e  f i r i n g  l i n e s  to  t h e  cap c i r c u i t .
(1)  When f i r i n g  from a power c i r c u i t ,  the  f i r i n g  sw i tch  
s h a l l  be locked in  the  open o r  "Off" p o s i t i o n  a t  a l l  
t im e s ,  excep t  when f i r i n g .  I t  s h a l l  be so des igned  
t h a t  the  f i r i n g  l i n e s  to  t he  cap c i r c u i t  a r e  a u to m a t i 
c a l l y  s h o r t - c i r c u i t e d  when the  sw i tch  i s  in  the  "Off" 
p o s i t i o n .  Keys to  t h i s  switch  s h a l l  be e n t r u s t e d  only  
to  the  b l a s t e r .

POWER TRANSMISSION AND DISTRIBUTION
1926.950 (d) D eenerg iz ing  l i n e s  and equipment

(1) When d e e n e r g i z in g  l i n e s  and equipment o p e ra t e d  i n  
e xce ss  o f  600 v o l t s ,  and the  means o f  d i s c o n n e c t i n g  
from e l e c t r i c  energy  i s  no t  v i s i b l y  open o r  v i s i b l y  
locked  o u t ,  t he  p r o v i s i o n s  o f  s u b d i v i s i o n s  ( i )  through 
( v i i )  o f  t h i s  subparagraph  s h a l l  be complied w i th :
( i )  The p a r t i c u l a r  s e c t i o n  o f  l i n e  or  equipment to  be 
d ee n e rg ized  s h a l l  be c l e a r l y  i d e n t i f i e d ,  and i t  s h a l l  
be i s o l a t e d  from a l l  so u r c e s  o f  v o l t a g e .
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(ii) Notification and assurances from the designated 
employee shall be obtained that:

(a) All switches and disconnectors through which 
energy may be supplied to the particular section 
of line or equipment to be worked have been 
deenergized;

(b) All switches and disconnectors are plainly 
tagged indicating that men are at work;

(c) And that where design of such switches and 
disconnectors permits, they have been rendered 
inoperable.

(iii) After all designated switches and disconnectors 
have been opened, rendered inoperable, and tagged, 
visual inspection or tests shall be conducted to insure 
that equipment or lines have been deenergized.

(iv) Protective grounds shall be applied on the discon
nected lines or equipment to be worked on.

(v) Guards or barriers shall be erected as necessary to 
adjacent energized lines.

(vi) When more than one independent crew requires the 
same line or equipment to be deenergized, a prominent 
tag for each such independent crew shall be placed on 
the line or equipment by the designated employee in 
charge.

(vii) Upon completion of work on deenergized lines or 
equipment, each designated employee in charge shall 
determine that all employees in his crew are clear, 
that protective grounds installed by his crew have been 
removed, and he shall report to the designated authori
ty that all tags protecting his crew may be removed.

(2) When a crew working on a line or equipment can 
clearly see that the means of disconnecting from elec
tric energy are visibly open or visibly locked-out, the 
provisions of subdivisions (i) and (ii) of this sub- 
paragraph shall apply:

(i) Guards or barriers shall be erected as neces
sary to adjacent energized lines.

(ii) Upon completion of work on deenergized lines 
or equipment, each designated employee in charge 
shall determine that all employees in his crew are 
clear, that protective grounds installed by his
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crew have been removed, and he shall report to the 
designated authority that all tags protecting his 
crew may be removed.

1926.957 (b) Deenergized equipment or lines

When it is necessary to deenergize equipment or lines 
for protection of employees, the requirements of para
graph 1926.950(d) shall be complied with.
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APPENDIX E

REFERENCES SUPPORTING GUIDELINES FOR CONTROLLING HAZARDOUS 
ENERGY DURING MAINTENANCE AND SERVICING

A.2.a. - Among the organizations concurring in this requirement are the United 
Automobile, Aerospace, and Agricultural Implementation Workers of America [2], 
the American National Standards Institute [5], the National Safety Council
[6], the Rubber Manufacturing Association [7], the International Brotherhood 
of Electrical Workers [8], the American Iron and Steel Institute [9], and the 
Conveyor Equipment Manufacturers Association [10]. Other supporting refer
ences for this first essential guideline are as follows: [7-45].

A. 2 .b. - Publications supporting this requirement include the German Accident 
Prevention Specifications (draft) [46] which indicate that the initiation of 
hazardous movements may result from stored energy and that this stored energy 
may be in the form of potential or kinetic energy. The ANSI Safety Standard 
for the Lockout/Tagout of Energy Sources [5] indicates in Section 5.2.5 that 
all equipment and processes "shall be carefully examined to detect and 
relieve, disconnect, or restrain any residual energy." The Edison Electric 
Institute in describing procedures for deenergizing [47] states: "Reliance
also should be placed on work procedures which assure the removal of residual
energy from lines and equipment before work is begun." Other supporting 
references are: [3, 15, 17, 19, 22, 23, 25, 26, 31, 35, 37, 39-43, 46-51].

A.2.c.(l) - Physical means of security are utilized in many applications and 
industries as indicated by the ANSI Safety Standard for the Lockout/Tagout of 
Energy Sources [5] presentation of a generic lockout procedure. The UAW 
strongly advocates the use of physical lockouts in their Machinery Lockout
Procedures [4]. The National Safety Council describes physical lockout
provisions in their Accident Prevention Manual for Industrial Operations [6]. 
An article entitled "Lockouts Prevent Serious Accidents" in the Industrial 
Supervisor magazine recommends the use of physical locks [52]. Other refer
ences supporting the use of physical means to secure point(s) of control 
include: [4-6, 8, 9, 11-13, 17, 19, 22-25, 27-30, 34, 37, 38, 45, 47, 51-70].

A.2.C.(2) - The summary of a Panel Presentation on Lockout and Tagout Safety 
Procedures [11] clearly indicates the current use and acceptability of tagout 
practices in industry by detailing sample tagout procedures which have proven 
to be effective. The American Iron and Steel Institute [9] states that tagout 
procedures have long been acceptable as an alternate to locking procedures in 
the United States. The Pratt and Whitney Aircraft Group of United Technolo
gies, East Hartford, Connecticut, states that "a tagout system is more reli
able than a lock system" for their facility [53]. Other supporting references 
for using this method of security include: [3, 6, 9, 11-13, 15, 38-41, 43,
44, 47, 48, 53, 54, 58-61, 63, 66, 68-70].

A.2.c.(3) - The Square D Company indicates that minor maintenance, inspection, 
adjustment, and cleaning tasks can be performed safely with the power off, but 
not locked or tagged out as long as the operator maintains visual control of 
the energy control point [12]. A similar instance is adopted by the Wisconsin 
Electrical Power Company in a letter to the U.S. Department of Labor [48].

- 70-

a n  n i s i  T T i n n i  . «  r»c i n p ^ n i n v  i k  k k  i :  «  r i  11 *-* u e n  o r m e i i  s  h  i  p  i  v  w i i r i  i n * - »  ■nni*7#-»T~ n r r  . n i l  r



The "Report of the Committee on Electrical Safety Requirements for Employee 
Workplaces" [54] makes specific provisions for performing maintenance 
functions without benefit of lockout or tagout procedures. Other supporting 
references are: [9, 12, 35, 40, 45, 48, 51, 54, 58].

A.2.d. - An article in the Plant Engineering magazine [13] describing points 
to consider when drafting an electrical clearance (lockout/tagout) system 
states: "The system should indicate that no clearance shall be considered
complete until the circuit has been tested with a voltage tester . . . ." An
article from the Czechoslovakian Occupational Safety Inspection Office Publi
cation entitled Power Switching - Effective Accident Prevention [14] states 
(after shutoff of the electrical energy):"Before starting such work, however, 
the parts of the machine involved must be trial started to assure that they 
are not energized." Monsanto, in its response to the OSHA Advance Notice of
Proposed Rulemaking [15], states: "Verification that the system has been
deenergized should be established, but the method may vary depending on the 
energy source." Other references supporting the need for verification 
include: [3, 6, 9, 13-15, 17, 24-27, 30, 31, 33, 39, 40, 43, 47, 48, 50-52, 
54, 57, 58, 64, 71, 72].

A.2.e. - Many procedures were found to state this requirement in one way or 
another, but three of the best were the UAW "Machinery Lockout Procedures" 
[4], the ANSI "Safety Standard for the Lockout/ Tagout of Energy Sources" [5], 
and the "Report of the Committee on Electrical Safety Requirements for 
Employee Workplaces" [54]. Other supporting references are: [3, 5, 12, 26,
37, 48, 51, 54, 65, 73-75].

A.3.a. - Though not pertaining directly to written procedures, the UAW "Ma
chinery Lockout Procedures" [4] makes the following statement: "Risk of acci
dent will be reduced if workers are not required to rely on memory. . . ."
The BSI Code of Practice, "Safeguarding of Machinery" [71], addresses the need 
for such a criterion as follows: "Oral instructions, requests, or promises
are liable to be misheard, misinterpreted, or forgotten and are, therefore, 
not a satisfactory basis for action on which men's lives may depend." The
unsatisfactory working of such procedures has been proven time and again. The
American National Standards Institute [5], the Committee on Electrical Safety 
Requirements for Employee Workplaces [54], and the Manufacturing Chemists 
Association [16] agree that documented procedures are essential. During emer
gencies it should be assured that energy is isolated, blocked, dissipated, 
and secured. Also, provisions for close supervision and validation should be 
made, because emergency activities can pose serious and unexpected hazards. 
Actions taken during emergencies should be documented in the event reuse is 
required. Other references supporting documented procedures are: [3, 5,
8-10, 13, 16, 21, 27, 33, 37, 39-41, 48, 54, 56, 58, 64, 65, 71].

A.3.b. - The UAW "Machinery Lockout Procedures" [4] encourage training for
workers in all aspects of safety, including the recognition of hazards as well 
as safety procedures. The National Safety Council in the Accident Prevention 
Manual for Industrial Operations [6] emphasizes that ". . . control can be
maintained only by constant supervision and by training maintenance men in the 
safe routine." Both the ANSI Safety Standard for the Lockout/Tagout of Energy 
Sources [5] and the Report of the Committee on Electrical Safety Requirements 
for Employee Workplaces [54] emphasize training not only for personnel
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actually involved in utilizing the hazard control techniques but also for 
those supervising and those working in the affected areas. Training is 
strongly supported by the following references: [5, 6, 9, 12, 21, 26, 27, 32,
37, 39, 41, 45, 48, 54, 56, 58, 62, 69, 71, 73, 74, 76, 77].

B.1. - The requirement is substantiated by noting that ANSI [5] requires that 
effective protection shall be provided when work is done on energized equip
ment or systems. Hazardous energy sources must be identified before this 
requirement can be met. The report of the Committee on Electrical Safety 
Requirements for Employee Workplaces [54] requires that when work is to be 
accomplished near energized circuits, employees shall consider all exposed 
conductors and circuit paths that are dangerous. Other supporting references 
for energized work include PPG Industries [78] , which contains a requirement 
to "analyze work (in) each specific case for specific potential hazards . . ."
Central Soya [79] states ". . . an awareness of potential hazards" is neces
sary when performing energized work.

B .2. - A letter to OSHA from the Davenport Machine Tool Division [80] states
the need for safe operating, setup, and maintenance procedures performed with
equipment energized. In a letter to OSHA from the Printing Industries of 
America, Inc. [81], the statement that "much of the equipment currently used 
in the printing process is designed to be cleaned, and to a lesser degree 
repaired, while energized" hi^ilights the need to protect workers from ener
gized equipment. The only way to protect the worker under these conditions is 
to be sure the procedures used are safe. Additionally, the ANSI Safety Stan
dard for the Lockout/Tagout of Energy Sources [5] states that "where energized
work is required, acceptable procedures and equipment shall be employed to
provide effective protection to personnel." The terms "acceptable" and 
"effective protection" indicate a definite need to determine that the proce
dures used are safe.

B .3. - The documents referred to in the foregoing ([5], [54], and [80]) detail 
the need for safe procedures and the implied need to demonstrate that these 
procedures are safe. They also cite the need for training the maintenance 
workers and their supervisors in the hazards and procedures required to ensure 
safety. Justification for training workers in how to control hazards to which 
they would otherwise be exposed should be evident. References supporting safe 
performance of maintenance on energized systems are: [5, 7, 9, 15, 26, 27,
32, 38, 39, 47, 48, 51, 54, 58, 62, 65, 66, 68, 71, 73, 75, 76, 77, 79-87].
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